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Nutrition-related problems, including lack of appetite and nausea, are important causes for 
reduced food intake and weight loss during illness. In addition, increased nutritional needs 
due to disease-induced alterations in metabolism or to simply replenish losses because of 
vomiting or diarrhea contribute to a drop in muscle mass and further deterioration of the 
nutritional status. Malnutrition is defined as “a state resulting from lack of intake or uptake 
of nutrition that leads to altered body composition (decreased fat free mass) and body cell 
mass leading to diminished physical and mental function and impaired clinical outcome 
from disease” 1. The physical and psychological consequences of malnutrition for patients, 
such as low muscle mass, physical disability and reduced quality of life seriously impact on 
the chances for recovery from illness 2, 3. Accordingly, the economic burden of malnutrition 
is high and comes with considerable costs: €1.9 billion across health care settings in the 
Netherlands, which comprises 2.1% of the total health care expenditure in 2011 4. These 
higher costs are caused by longer hospital stays, more comorbidities and increased use 
of healthcare resources (e.g. GP visits and (re)admissions) for malnourished patients 4. 
Expensive hospital resources are increasingly used in a more efficient manner with shorter 
hospital stays, as is illustrated by the higher number of procedures that are performed in day 
surgery, in order to decrease costs. Since 2000, average hospital stay decreased from 10 days 
to less than 8 days in 2017 worldwide 5. The Netherlands even scores below this average with 
a mean hospital stay of 4-5 days in 2017, which is one of the lowest globally 5, 6. These short 
stays hamper the effective treatment of malnutrition in hospital. Also, unforeseen hospital 
readmissions within 30 days after discharge are frequent, ranging from 10-22% around the 
world 7-9. These data indicate the shift from in-hospital to out-of-hospital care and emphasize 
the importance of extending nutritional interventions to both hospital and home settings. 
This general introduction starts with an overview of current knowledge on malnutrition in 
the hospital and the out-of-hospital setting and describes a novel home-delivered protein-
rich meal service as a potential strategy to treat and prevent malnutrition. The introduction 
ends with the aims and outline of this thesis.
MALNUTRITION IN HOSPITAL
Between 2007 and 2015, an observational survey showed that one out of seven patients 
admitted to Dutch hospitals was malnourished with an increased hospital stay up to 1.4 
days 10. These prevalence numbers were based on the screening for malnutrition which 
Dutch hospitals are required to perform within the first day of admission. It is well known 
that malnutrition is associated with higher mortality, functional impairment and increased 
complication rates 11-13. Identification of patients at risk for malnutrition therefore is crucial in 
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order to timely recognize and treat this adversity. 
Until recently, there was no international consensus on the definition of malnutrition in 
clinical settings, although diagnosing this condition seems vital in order to compare studies 
and improve clinical interventions in this domain. In 2018, the Global Leadership Initiative 
on Malnutrition (GLIM) comprising representatives of four clinical nutrition societies from 
different parts of the world reached a new global consensus 14. These GLIM criteria are 
based on phenotypic (unintentional weight loss, low body mass index, or low fat free mass 
index (FFMI)) and etiologic criteria (reduced food intake/assimilation, or disease burden/
inflammation). The relevance and feasibility of these criteria in clinical practice and their 
effect on clinical outcomes remain to be determined. 
MALNUTRITION OUT OF HOSPITAL
Early recognition of malnutrition is essential in order to initiate timely nutritional interventions 
since currently one out of seven patients is already malnourished at admission 10. In addition, 
nutritional status often (further) deteriorates during hospitalization resulting in a high number 
of malnourished patients at discharge 15, 16. Therefore, preoperative screening on malnutrition 
was part of the performance indicators defined by the Dutch healthcare inspection until 2018 
and nowadays almost all hospitals have integrated preoperative screening as part of usual 
care. In 2016, an average of 4.4% of all screened preoperative patients was malnourished, 
with a range from 0% to 17% 17. The prevalence in older adults receiving home care, general 
practice patients and community-dwelling older adults is estimated at 35%, 12 and 11%, 
respectively 18. At various outpatient clinics, the prevalence ranges from 7% to 17% depending 
on department and age 19-22. These numbers underline the magnitude of the problem and 
show that the impact of malnutrition on postoperative complications, mortality and hospital 
length of stay is high. Moreover, the preparation for therapeutic strategies, be it surgery, 
chemotherapy, other, and the recovery of hospitalization mainly takes place at home, which 
emphasizes the importance of nutritional interventions in this setting. The notions above 
show that attention for nutrition would be an integral part of outpatient care. 
   
HOSPITAL MEAL SERVICES
Protein requirements are increased during illness due to inflammatory processes and 
increased catabolism 3, 23. Hence, recommendations for minimum protein intake are set at 
1.2 g/kg body weight for patients compared to 0.8 g/kg body weight for healthy adults 24. 
Achieving adequate protein intake therefore is of critical importance for all hospitalized 
patients. During hospitalization, meal services play an important role in the prevention/
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treatment of malnutrition provided that such a service improves nutritional intake for a 
significant part of the hospital population 25. In recent years, awareness of this topic has 
increased in the Netherlands since the Ministry of Health has requested to assess the 
current status of meal provision in Dutch hospitals. Key elements have been identified and 
one of the minimum requirements of a hospital meal service is that it should cover the 
nutritional needs of all patients 23, 26, 27. In 2015, an innovative hospital meal service coined as 
FoodforCare (FfC) has been developed and implemented in the Radboudumc, the academic 
hospital in Nijmegen. This meal service comprises the active distribution of small protein-
rich dishes that are served 6 times a day. FfC has proven to improve protein and energy 
intake relative to requirements when compared with the traditional meal service in the in-
hospital population 28. Furthermore, food appreciation was higher for FfC than the traditional 
meal service. However, not only the impact on nutritional intake and satisfaction is important 
but also whether physical performance and clinical outcomes, such as complications and 
hospital length of stay, are improved. The effect of such a nutritional intervention on clinical 
outcomes remains unknown, as are the long-term effects of this concept and its extension 
to the out-of-hospital setting.
HOME-DELIVERED MEAL SERVICES
Historically, home-delivered meal services were implemented to support homebound older 
adults during illness or in case of the inability to prepare food, and in order to enhance 
dietary intake and sustain independence 29. Such services have promised to promote nutrient 
intake and recent studies indeed have indicated that home-delivered meal services might 
reduce healthcare utilization and costs 30, 31. While most available literature focused on 
elderly individuals, age does not necessarily seem to play a role when a disease or treatment 
is at odds with preparing meals or achieving adequate intake. Home-delivered meal services 
could play an important role in supporting patients to prepare for both the treatment or 
surgery and the recovery phase thereafter. Therefore, such an intervention could be an 
integral part of malnutrition treatment in the outpatient care. However, not much is known 
about the effects of home-delivered meals in a broader population other than older adults, 
including those at risk of malnutrition. Studies that implemented home-delivered meal 
services in addition to hospitalization or medical treatment show promising results on intake, 
nutritional status and functional outcomes 32-34. However, these investigations were small and 
underpowered, showing the need for well-designed RCTs in this field. 
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AIM AND OUTLINE OF THIS THESIS
The aims of this present thesis are:
• to evaluate current criteria to diagnose malnutrition and their relevance for clinical 
practice.
• to determine the association of protein intake and clinical outcomes. 
• to assess the feasibility and effects of home-delivered meal services in various 
patient populations in the home setting.
PART I: In- hospital malnutrition
Chapter 2 describes the validity of the new GLIM criteria compared to PG-SGA to diagnose 
malnutrition in relation to one-year mortality in hospitalized patients. As a secondary 
objective we assessed the feasibility of the GLIM criteria in clinical care and research settings. 
In Chapter 3, we analyzed whether protein intake relative to requirements at the first day of 
full oral intake is associated with complications and hospital length of stay (LOS) in medical 
and surgical patients. 
PART II: Home-delivered meal services
In Chapter 4, we systematically reviewed the available literature on home-delivered 
meal services, and we aimed to describe which elements are effective to improve energy 
and protein intake, nutritional status, functional outcomes and satisfaction in adults. 
Furthermore, we provide recommendations for future studies. Chapter 5 describes the 
feasibility of conducting a randomized controlled trial on a home delivered meal service 
in advanced cancer patients undergoing chemotherapy. Chapter 6 presents the results of 
our randomized controlled trial where we hypothesized that a preoperative home-delivered 
protein-rich meal service improves protein intake in surgical patients. Our secondary aim was 
to describe the effect of this meal service on nutritional status, physical functioning, quality 
of life, length of stay (LOS), complications and patient satisfaction. In Chapter 7, we assess 
whether offering a high frequency protein-rich meal in the home setting for three weeks 
contributes to an even daily protein distribution in pre-operative patients. Also, we describe 
whether muscle function is higher in patients who reach the minimal threshold of 20 gram 
proteins for at least two meals a day. Finally, in Chapter 8 the main findings of the chapters 
are summarized and discussed. This chapter also includes future perspectives of this thesis.
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Table 1. Main research questions and methodology addressed in this thesis.
Chapter Research question(s) Study design Measures
PART I IN-HOSPITAL MALNUTRITION
2 - What is the concurrent and predictive 
validity of the GLIM criteria compared 
to PG-SGA to diagnose malnutrition in 
hospitalized patients?
- What is the feasibility of the GLIM 
criteria in clinical care and research 
settings?
Post-hoc analysis of 
prospective cohort 
study
- Sensitivity, specificity and 
agreement between GLIM criteria 
and PG-SGA
- One-year mortality
- Number of and reasons for 
missing data
3 - Is protein intake relative to 
requirements at the first day of full oral 
intake associated with complications 
and hospital length of stay (LOS) in 
medical and surgical patients?
Post-hoc analysis of 
prospective cohort 
study
- Protein intake relative to 
requirements
- Occurrence of complications
- Length of stay in days
PART II HOME-DELIVERED MEAL SERVICES
4 - Which elements of home delivered 
meal services are effective to improve 
energy and protein intake, nutritional 
status, functional outcomes and 
satisfaction in adults?
Systematic review - Energy and protein intake
- Nutritional status
- Functional status 
- Satisfaction
5 - What is the feasibility of conducting 
a Randomized Controlled Trial on 
a home delivered meal service in 
advanced cancer patients undergoing 







c) Number of missing data
d) Patient satisfaction
6 - Does a preoperative home-delivered 
protein-rich meal service improve 
protein intake in surgical patients?
- What is the effect of a preoperative 
home-delivered protein-rich meal 
service on energy intake, nutritional 
status, physical functioning, quality of 




- Protein intake relative to 
requirements




- Quality of life
- Length of stay in days
- Occurrence of complications
- Patients satisfaction
7 - Does a high frequency meal service 
consisting of protein-rich dishes in 
the home setting for three weeks 
contribute to a more evenly protein 
distribution over the day in pre-
operative patients?
- What is the difference in muscle 
function between patients who 
reached the minimal threshold of 20 
gram proteins for at least two meals 
a day with patients who reached this 
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The Global Leadership Initiative on Malnutrition (GLIM) approach to diagnose malnutrition 
was published in 2018. An important next step is to use the GLIM criteria in clinical 
investigations to assess their validity and feasibility.
Objective
To compare the validity and feasibility of the GLIM criteria to Patient-Generated Subjective 
Global Assessment (PG-SGA) in hospitalized patients and to assess the association between 
malnutrition and one-year mortality. 
Methods
Post hoc analysis of a prospective cohort study in hospitalized patients (n=574) from the 
departments of Gastroenterology, Gynecology, Urology, and Orthopedics at the Radboudumc 
academic facility in Nijmegen, The Netherlands, enrolled from July 2015-December 2016. 
The GLIM criteria and PG-SGA were applied to identify malnourished patients. Mortality 
rates were collected from electronic patient records. Feasibility was assessed by evaluating 
the amount of and reasons for missing data.
Results
Of 574 patients, 160 (28%) were classified as malnourished according to the GLIM criteria 
and 172 (30.0%) according to PG-SGA (κ=0.22, low agreement). When compared to PG-SGA, 
the GLIM criteria had a sensitivity of 43% and a specificity of 79%. Mortality of malnourished 
patients was more than two times higher than for non-malnourished patients according to 
the GLIM criteria (HR:2.68, CI: 1.33-5.41). Data on muscle mass was missing in 454 of 574 
(79%) patients due to practical problems with the assessment using bioimpedance analysis 
(BIA). 
Conclusions
Agreement between GLIM criteria and PG-SGA was low when diagnosing malnutrition 
indicating that the two methods do not identify the same patients. This is supported by 
the GLIM criteria showing predictive power for one-year mortality in hospitalized patients 
in contrast to PG-SGA. The assessment of muscle mass using bioimpedance analysis was 





Internationally, several attempts have been made to achieve consensus on diagnosing 
malnutrition but the results were never globally accepted nor implemented. In 2018, the 
Global Leadership Initiative on Malnutrition (GLIM) comprising representatives of four clinical 
nutrition societies from different parts of the world reached a new global consensus on criteria 
for diagnosing malnutrition 1. These new criteria are based on phenotypic (unintentional 
weight loss, low body mass index, or low FFMI) and etiologic criteria (reduced food intake or 
disease burden/inflammation). Cederholm et al. state that it is necessary to start using the 
GLIM criteria in clinical investigations to assess the relevance and feasibility of the criteria in 
clinical practice 1. As the GLIM consensus approach to diagnose malnutrition has been released 
recently, validation studies have not been performed yet but a guidance paper was published 
describing how to perform such studies 2. The best form of validation is concurrent validity by 
comparing a tool to a gold standard 2. Since there is no gold standard for malnutrition, a semi-
gold standard such as PG-SGA can be used to assess the validity of the GLIM criteria 3. 
The primary aim of this study was to compare the prevalence of malnutrition according to 
the GLIM criteria and PG-SGA and to assess the concurrent validity of the GLIM criteria based 
on the data from a previous prospective cohort study. To determine the predictive validity of 
the GLIM criteria, secondary aims were to compare the association of malnutrition according 
to the GLIM criteria and PG-SGA with one-year mortality. Lastly, the aim was to assess the 
feasibility of the GLIM criteria in clinical practice by determining those criteria that were not 
possible to obtain.
METHODS
Study population and design
This study was a post hoc analysis of a cohort study in which a traditional three meals a 
day food service (TMS) was compared with a novel six times a day food service containing 
protein-rich food items, called FoodforCare (FfC) 4. The cohort study was performed between 
July 2015 and May 2016. The Medical Ethics Committee of the Radboud University Medical 
Center (Radboudumc) decided that a formal approval of the cohort study was not required 
(clinicaltrials.gov: NCT03195283). The study population (n=637) comprised patients from the 
departments of Gastroenterology, Gynecology, Urology, and Orthopedics. All subjects were 
Dutch speaking, older than 18, and able to adequately respond to questions. Patients with 
tube- or parenteral feeding, or those who were unable to adequately answer questions were 
excluded from the study. Potential participants were identified and approached through 
screening of electronic medical records on the day of admission. All participants provided 
written informed consent 4. 
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Primary outcome
Primary study outcome was the validity of the GLIM criteria in hospitalized patients compared 
to PG-SGA. The guidance paper by Keller et al. was followed to assess concurrent and 
predictive validity 2. Malnutrition was assessed according to the GLIM criteria and PG-SGA 
in order to compare malnutrition prevalence associated with each of these sets of criteria. 
Additionally, the association of malnutrition based on GLIM criteria and PG-SGA with one-
year mortality was assessed. The electronic patient database of the Radboudumc was used 
to determine the date of death which was assessed one year after admission to the hospital.
 
Secondary outcome
As a secondary outcome, the GLIM criteria responsible for the diagnosis of malnutrition were 
identified and the number of and reasons for missing data were assessed to evaluate the 
feasibility of the GLIM criteria. This identification was performed by investigating whether 
data were present and by listing the experiences of those who collected the data.
GLIM criteria
The GLIM criteria describe the assessment for diagnosis and severity grading of malnutrition. 
The assessment for diagnosis is based on three phenotypic and two etiologic criteria and was 
performed for all patients 1. Malnutrition is diagnosed when at least one phenotypic and one 
etiologic criterion are present. Severity grading of malnutrition was beyond the scope of this 
analysis.
Measurements
The GLIM criteria were applied to all patients and measurements were taken on the first full 
day of oral intake during admission to the hospital regardless of their risk of malnutrition 
according to the MUST. Measurements were performed by nutritionists or dietitians 
trained with standard operating procedures before start of the study to avoid variance. 
For phenotypic criteria, data on weight loss were obtained from step 2 of the Malnutrition 
Universal Screening Tool (MUST) which means that patients had 5-10% weight loss during the 
past 3-6 months 5. Body mass index (BMI) was calculated as weight, measured on a calibrated 
digital sitting scale, divided by height in meters squared (kg/m2). The cut-off values indicated 
by Cederholm et al. were applied for BMI: <20 for patients younger than 70 years or <22 for 
patients older than 70 years (table 1) 6. Bioimpedance analysis (BIA) (Bodystat 1500 MDD ®) 
was used to calculate FFMI. The Kyle formula was used for this calculation except for chronic 
obstructive pulmonary disease (COPD) patients (Rutten formula) and patients with a BMI>30 
(Horie formula) 7. Cut-off values of <17 kg/m2 for men and <15 kg/m2 for women were used 
to assess muscle mass 6. For etiologic criteria, step 2 of the PG-SGA about food intake during 
the past month was used to determine reduced food intake or assimilation 3. Disease burden 
or inflammation was assessed based on patients medical record: here no laboratory markers 
were used. This variable was categorized as an emergency case, oncological, infectious 
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disease at baseline, or when any other disease burden or chronic inflammation related 
condition was mentioned in the medical history such as, COPD, pneumonia or diabetes. 
PG-SGA was also applied to all patients to diagnose malnutrition in order to compare with 
the GLIM criteria. PG-SGA is an instrument to diagnose malnutrition and has been used in 
oncology, acute medical, surgical and elderly patients 3, 8-11. Scores range from 0 to 52 and 
patients were considered malnourished with a score ≥ 9 3. 
Statistical analysis
Characteristics of participants were described by frequencies and percentages in case of 
dichotomous or ordinal data. In case of normally distributed continuous data mean and 
standard deviation (SD) were used. Baseline characteristics between groups were analyzed 
using t-tests and chi-square tests.
Patient data were included if at least two or more phenotypic criteria were scored on and 
excluded if two phenotypic criteria were not scored on and the third criterion was missing. 
The same strategy was applied for missing data on etiology. 
Concurrent validity was evaluated by comparison of the GLIM criteria with PG-SGA by 
sensitivity, specificity and Cohen’s Kappa coefficient for the GLIM criteria compared to PG-
SGA. Sensitivity and specificity should be higher than 80% 2. A Kappa coefficient between 0 
and 0.20 reflects weak agreement, 0.21–0.4 low agreement, 0.41–0.6 moderate agreement, 
0.61–0.8 good agreement, and 0.81-1.00 excellent agreement 2. Malnutrition according to the 
GLIM criteria and one-year mortality were defined as dichotomous variables. Kaplan Meier 
curves and Cox regression analysis were used to assess the association between malnutrition 
and one-year mortality for the GLIM criteria and the PG-SGA. Potential confounders were 
based on the significant differences between well-nourished and malnourished patients 
and an assumed association with malnutrition and one-year mortality. These potential 
confounders (sex, age, planned or emergency admission, oncological disease, surgical 
procedure, (suspected) infection, primary diagnosis, department and comorbidities) were 
added to the regression model one by one. Covariates with a significant impact, a difference 
of >10% on the beta coefficient, or those with an assumed effect were included in the final 
model as the sample size was sufficient. For all statistical tests, a two-tailed p-value <0.05 was 
considered to be statistically significant. All data were analyzed with the software package 
SPSS (version 25, IBM Corp. Armonk, NY, USA) 12. Sample size calculation is described in the 
article about this cohort study 4.




Of the 637 patients in the study, 63 were excluded due to missing data of the GLIM criteria 
(n=13) and PG-SGA (n=50). Therefore, 574 patients were included in the analysis of whom 
48% were male, with a mean age of 59.5±16.4 years (table 1). The MUST score indicated 
that 145 (25%) patients were at risk for malnutrition. Furthermore, 58% of the malnourished 
patients according to PG-SGA were not malnourished according to MUST compared to 19% 
according to the GLIM criteria (table 1).
Table 1. Descriptive characteristics of 574 hospitalized patients included in a post-hoc analysis on the 
validity and feasibility of the GLIM a criteria compared to PG-SGA b displayed as malnourished and non-
malnourished.











Male, n (%) 278 (48.4) 80 (50.0) 198 (47.8) 71 (41.3) 207 (51.5)
Age, years, mean ± SD c 59.6±16.3 60.4±17.7 59.2±15.7 61.4±17.7 58.8±15.6
































Oncological disease, n (%) 129 (22.5) 48 (30.0) 81 (19.6) 41 (23.8) 88 (21.9)
Surgical procedure, n (%)* 352 (61.3) 72 (45.0) 280 (67.6) 55 (32.0) 297 (73.9)
(Suspected) infection, n (%) 117 (20.4) 32 (20.0) 78 (18.8) 49 (28.5) 61 (15.2)
Complications, n (%) 84 (14.6) 26 (16.3) 58 (14.0) 21 (12.2) 63 (15.7)










































































































a GLIM: Global Leadership Initiative on Malnutrition;
b PG-SGA: Patient Generated Subjective Global Assessment;
c SD: Standard Deviation;
d MUST: Malnutrition Universal Screening Tool. 




The prevalence of malnutrition was 28% using the GLIM criteria and 30% using PG-SGA. 
When compared to PG-SGA, malnutrition according to the GLIM criteria had a sensitivity 
of 43% and a specificity of 79% which is lower than the required 80%. There was a low 
agreement between the GLIM criteria and PG-SGA in diagnosing malnutrition (κ=0.22, 
p=0.00). This indicates that the two methods do not identify the same patients, as is shown 
in figure 1. There was an overlap of 77 patients but 95 patients were not malnourished 
according to GLIM criteria and 83 patients were not malnourished according to PG-SGA. 
Figure 1. Overlap of malnourished patients between the GLIM 
a criteria (n=160) and PG-SGA b (n=172) for 574 hospitalized patients included in a post-hoc analysis on the validity and 
feasibility of the GLIM criteria compared to PG-SGA.
a GLIM: Global Leadership Initiative on Malnutrition 
b PG-SGA: Patient-Generated Subjective Global Assessment
Predictive validity
Overall, 34/574 patients (6%) died during a mean follow-up period of 350 days. Based on 
the GLIM criteria and PG-SGA, significantly fewer malnourished patient were alive one year 
after admission compared to their non-malnourished counterparts (88% vs. 97%, 90% vs. 
96%, p<0.01). The one-year mortality of malnourished patients was more than two times 
higher than non-malnourished patients after adjusting for age, department and planned or 
emergency admission (unadjusted HR 3.89, 1.96-7.70 adjusted HR 2.68, 1.33-5.41) (figure 
2A). However, malnutrition according to PG-SGA was not significantly associated with one-
year mortality after adjusting for age, department and planned or emergency admission 
(unadjusted HR 2.40, 1.23-4.71; adjusted HR 1.36, 0.65-2.83) (figure 2B). 
Feasibility
For phenotypic criteria, unintentional weight loss occurred in 69% of the malnourished 
patients and in 2% of the non-malnourished. Reduced muscle mass occurred in 18% of the 
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malnourished patients and in 1% of the non-malnourished. For the etiologic criteria, 59% of 
the malnourished and 40% of the non-malnourished patients scored on the disease burden 
item. Data on muscle mass using bioimpedance analysis was missing in 454 of 574 (79%) 
patients due to an abnormal hydration status and patients not having fasted at least 8 hours 
prior to the measurement. The combinations of criteria on which the diagnosis was based 
can be found in table 2. 
A     B
Figure 2. Kaplan-Meier survival curve showing the association between malnutrition according to: A) 
GLIM a criteria and B) PG-SGA b and one-year survival of 574 hospitalized patients included in a post-hoc 
analysis on the validity and feasibility of the GLIM criteria compared to PG-SGA.
a GLIM: Global Leadership Initiative on Malnutrition 
b PG-SGA: Patient-Generated Subjective Global Assessment
Table 2. Presence of GLIM phenotypic and etiologic criteria a,b, 5 in malnourished patients in a post-hoc 
analysis on the validity and feasibility of the GLIM criteria compared to PG-SGA c (n=160).
Etiologic criteria, n(%)
Phenotypic criteria, n(%) Reduced food intaked Disease burden e Reduced food intake and 
disease burden 
Weight loss f 5 (3) 26 (16) 51 (32)
Low BMI g 3 (2) 17 (11) 7 (4)
Reduced muscle mass h 1 (0.6) 8 (5) 7 (4)
Weight loss and low BMI 0 9 (6) 9 (6)
Weight loss and reduced muscle mass 0 0 4 (2.5)
Low BMI and reduced muscle mass 1 (0.6) 6 (4) 1 (0.6)
Weight loss and low BMI and reduced 
muscle mass
0 1 (0.6) 4 (2.5)
a According to the GLIM definition, malnutrition is diagnosed when at least one phenotypic and one etiologic criterion 
are present; 
b GLIM: Global Leadership Initiative on Malnutrition;
c PG-SGA: Patient Generated Subjective Global Assessment;
d reduced food intake was assessed by asking patients if their food intake was changed during the past month; no 
missing data.
e disease burden was categorized as an emergency case, oncological, infectious disease at baseline, or any other 
disease burden or chronic inflammation related condition in the medical history; no missing data.
f weight loss was defined as 5-10% weight loss during the past 3-6 months; no missing data.
g BMI: body mass index; low BMI was defined as a BMI <20 for patients younger than 70 years or <22 for patients older 
than 70 years; no missing data.
h muscle mass was measured using bioimpedance analysis (BIA) and reduced muscle mass was defined as <17 kg/m2 




It was found that 28% of patients was malnourished based on the diagnostic GLIM criteria for 
malnutrition and 30% based on PG-SGA. When compared to PG-SGA, the GLIM criteria had 
a sensitivity of 43%, specificity of 79% and a low agreement (k = 0.22). One-year mortality 
of malnourished patients was more than two times higher than non-malnourished patients 
according to the GLIM criteria but no association with mortality was found for malnutrition 
according to PG-SGA. Reduced muscle mass, necessary for the GLIM criteria, was missing in 
79% of the patients. 
The low agreement between the GLIM criteria and PG-SGA indicates that the two methods 
do not identify the same patients. This is supported by the finding that the GLIM criteria 
seem to have better predictive power for mortality than PG-SGA. This discrepancy might be 
due to several differences between PG-SGA and the GLIM criteria. First, PG-SGA includes 
nutritional related symptoms as part of the diagnosis and a subjective judgement of body 
composition. The latter suggests that the assessment can be influenced by the assessor 
unlike to the GLIM criteria that are developed as an objective tool. Second, the time frame 
used for unintentional weight loss is 1 month in PG-SGA and within or beyond 6 months 
in the GLIM criteria. Third, the diagnosis of PG-SGA is based on a continuous score of all 
components together while the GLIM criteria result in a dichotomous outcome. Finally, the 
weighing of each component summing up to the total score is different in PG-SGA while each 
component in the GLIM criteria has the same contribution. For example, disease burden 
in PG-SGA is scored as 1 point per disease or risk factor which could inflate the total score 
diagnosing patients as malnourished based on this item alone. 
The GLIM criteria suggest that unintentional weight loss, low BMI and reduced muscle 
mass can be used interchangeably whenever these occur in combination with an etiological 
criterion. Data on muscle mass was present in only 21% of patients due to practical problems 
with the assessment of BIA. This was mostly caused by an abnormal hydration status and 
patients not having fasted at least 8 hours prior to the measurement, both of which are 
important prerequisites for reliable data 13, 14. This abnormal hydration status is also present 
in most critically ill patients which emphasizes the need for consensus for the diagnosis of 
malnutrition in this patient group 15. Besides BIA, other validated body composition measures 
such as, dual-energy absorptiometry, ultrasound, computed tomography or magnetic 
resonance imaging can be used but these are not used for medical care in many clinical 
settings 6. However, the importance of assessing FFMI in the diagnosis of malnutrition has 
been described because of its association with mortality rates, the additional value in obese 
patients and its role in the assessment of sarcopenia 16-18. In comparison, the American 
Society for Parenteral and Enteral Nutrition (ASPEN) proposed to identify 2 or more of the 
following characteristics: insufficient energy intake, weight loss, loss of muscle mass, loss 
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of subcutaneous fat, localized or generalized fluid accumulation or diminished functional 
status as measured by handgrip strength 19. Also, more simple methods such as calf or arm 
muscle circumference can serve as alternatives until more validated composition measures 
become widely available. The findings from this study might contribute to the discussion on 
the feasibility of assessing FFMI. 
This is one of the first studies reporting on both the validity and the feasibility of the GLIM 
criteria. Feedback and recommendations for optimizing the criteria were provided since it 
is important that these criteria are easy to perform in both clinical and research settings 
in order to obtain global adoption. A limitation of this study is the relatively high number 
of missing data on FFMI due to the complexity of assessing BIA measurements in a clinical 
setting. This indicates a concern with regard to the feasibility of using the GLIM criteria in 
clinical practice. Given the large amount of missing FFMI data, there is a possibility that some 
malnourished patients may not have been identified, and the prevalence of malnutrition 
might actually have been higher. However, it is likely that the number of additional patients 
with reduced muscle mass but without weight loss or low BMI is minimal, considering that 
only 16 of 120 patients, that had BIA measured, had reduced muscle mass without weight 
loss or low BMI and that weight loss and low BMI are usually present in malnutrition. Also, the 
study population might be somewhat healthier compared to the general hospital population 
due to the exclusion of patients on tube- or parenteral feeding and the relatively low age with 
a relatively low malnutrition prevalence. 
CONCLUSIONS
Agreement between GLIM criteria and PG-SGA was low when diagnosing malnutrition 
indicating that the two methods do not identify the same patients. This is supported by 
the GLIM criteria showing predictive power for one-year mortality in hospitalized patients 
in contrast to PG-SGA. The assessment of muscle mass using bioimpedance analysis was 
difficult to perform in this clinical population.
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Malnutrition at admission is associated with complication-related readmission and prolonged 
hospital stay. This underscores the importance of an adequate intake - more particular, 
protein intake - to prevent further deterioration and treat malnutrition during hospitalization. 
Our objective was to assess whether protein intake relative to requirements at the first day 
of full oral intake is associated with complications and hospital length of stay (LOS) in medical 
and surgical patients.
Methods
This was a post hoc analysis of a prospective cohort study in patients on the wards of 
gastroenterology, orthopedics, urology, and gynecology. Protein intake was measured by 
subtracting the weight of each dish at the end of each mealtime from the weight at serving 
time. Complications and LOS were reported using patients’ medical records
.
Results
In total, complications were observed in 92 of 637 (14.4%) patients, with a median LOS 
of 5 days (3.0-7.0). An absolute increase of 10% protein intake relative to requirements 
reduced the relative complication risk by 10% (odds ratio, 0.900; 95% CI, 0.83-0.97; P < .05). 
Also, LOS was shortened by 0.23 days for each increase of 10% in protein intake relative to 
requirements (95% CI, -0.3 to -0.2; P < .05).
Conclusion
Protein intake relative to requirements at the first day of full-oral intake is associated with the 
risk of complications and hospital LOS. This analysis bolsters the evidence for the importance 




Adequate nutrition intake is a prerequisite to maintain or improve the nutrition status and 
to support crucial body functions during illness.1, 2 Many patients (up to 38%) in Dutch 
hospitals are already malnourished at hospital admission, and this number further increases 
during their hospital stay.3 Poor food intake and malnutrition are independent risk factors for 
complication-related readmissions, prolonged hospital stay, and, hence, increased healthcare 
costs.4-7
These risk factors underscore the importance of an adequate dietary intake to prevent and 
treat malnutrition during hospitalization. Particularly, protein intake is important because 
protein requirements are higher for hospitalized patients to stimulate muscle-protein 
synthesis, prevent loss of muscle mass, and enhance recovery.2, 8 Various nutrition therapies 
are available in hospitals to improve protein intake such as dietary counseling, use of oral 
nutritional supplements (ONS), or tube feeding. In addition, there is increasing attention for 
optimization of hospital meal services as part of nutrition interventions. Recently, we showed 
evidence that implementation of a novel hospital meal service, coined FoodforCare (FfC), 
improves protein and energy intake relative to the requirements by serving protein-rich 
meals 6 times a day combined with proactive advice by nutrition assistants when compared 
with the traditional 3-meals-per-day service.9
Scientifically sound evidence on the direct association between an increased, or even 
adequate, protein intake and clinical outcomes is limited. One study showed that the length 
of stay (LOS) for hospitalized patients eating ≤25% of the offered food was significantly higher 
than those eating ≥50% (13 vs 11 days) 4. Another cohort study, comparing enhanced recovery 
after surgery (ERAS) with conventional care, reported that the consumption of ≥60% of 
protein requirements during the first 3 days of hospitalization was associated with a shorter 
LOS of 4.4 days in surgical patients.10 Unfortunately, in this respect, literature on the effect 
of adequate protein intake on complications is lacking. Given the importance of lowering 
the risk of complications and hospital LOS, there is an urgent need to provide evidence for 
this association in a mixed hospital population with surgical and medical patients. Therefore, 
the objective of the present study was to reanalyze the data from our previous prospective 
cohort study to assess whether protein intake relative to requirements at the first day of full-
oral intake is associated with the occurrence of complications and hospital LOS in medical 
and surgical patients.9




This is a post hoc analysis of a prospective cohort study, performed at our academic center 
in Nijmegen, the Netherlands, which compared a traditional meal service (TMS) (July 2015–
May 2016) with FfC (January 2016–December 2016).9 However, in this post hoc analysis, 
we were interested in the association between protein intake relative to requirements and 
clinical outcomes regardless of the type of meal service. The Medical Ethics Committee 
of the Radboud University Medical Center (UMC) decided that a formal approval was not 
required (2015-1805) (clinicaltrials.gov: NCT03195283). All patients gave informed consent 
before participation.
Study population
Patients at the departments of gastroenterology, orthopedics, urology, and gynecology were 
recruited at their day of admission. Inclusion criteria were being ≥18 years of age and having 
oral intake for at least 1 full day. Patients who were receiving tube- or parenteral feeding, 
who had a language barrier, or who were unable to adequately answer our questions were 
excluded.
Hospital meal services
TMS consisted of 3 meals, 2 small snacks, and drinks with each round served by nutrition 
assistants. Breakfast and lunch include cold dishes such as slices of bread with several bread 
spreads or yogurt. Dinner consisted of predefined choices for meat, potatoes/rice/pasta, 
and vegetables. The amount of protein and energy (kcal) of the meals ranged from 0 to 26 
g and 0 to 575 kcal, respectively. FfC consisted of 6 meals served by nutrition assistants. 
Breakfast included yogurt, oatmeal, or slices of protein-rich bread with several bread spreads. 
Dependent on the time of day, in-between meals consisted of protein-rich smoothies, fruit 
salads, cheese, wraps, and sausages. Lunch consisted of salads, sandwiches, and hot soups, 
and dinner consisted of warm meals served in a small pan. Amount of protein and energy of 
the meals ranged from 0 to 29 g and 0 to 621 kcal, respectively.
Primary outcome
The primary outcome of this analysis was the occurrence of complications during hospital 
stay. A complication was defined in line with the Dutch Association of Medical Specialists 
(FMS) as an unintended and undesirable event or condition, during or following medical 
specialist intervention, that is so harmful to the health of the patient that change in medical 
treatment is necessary or that there is irreversible damage. Complications were obtained 
from patients’ medical records during hospital stay and coded as infectious, decubitus, 




As a secondary outcome, we assessed hospital LOS. LOS refers to the amount of calendar 
days (day of admission till day of discharge) that patients spend in the hospital, reported in 
patients’ medical records. In addition, baseline data on age, gender, Malnutrition Universal 
Screening Tool (MUST) ≥ 2, department, admission indication (elective vs emergency), 
oncologic disease, surgery, infection at admission, and comorbidities were collected from 
the medical records.
Protein intake relative to requirements
Nutrition intake was evaluated at the first day of full-oral intake: the first day during admission 
that patients did not have any restrictions (eg, owing to surgery) to eat for a full day. Intake 
was measured in detail on a calibrated scale by the researcher or research assistants by 
subtracting the weight of each dish and drink at the end of each mealtime from the weight 
at serving time. The nutrition value per dish and drink at serving time was based on the 
recipe of the meals served by the central kitchen of Radboud UMC and FfC derived from the 
Dutch Food Composition Database. Individualized adequate protein intake was calculated 
by using 1.2 grams of protein per kilogram of body weight (g/kg BW) per day as minimum 
requirement for all patients.2, 9 Protein requirements were corrected for patients with a body 
mass index (BMI) <18.5 kg/m2 by correcting the body weight corresponding to a BMI = 20 
and for patients with a BMI >30 kg/m2 by correcting the body weight corresponding to a 
BMI = 27.5.11 With the amount of protein consumed and the protein requirement of each 
patient, we calculated the percentage of protein requirements that was achieved. Energy 
requirement (kcal) was calculated using the Harris and Benedict formula and multiplied by 
1.3 for illness and physical activity.9
Statistical analysis
Baseline characteristics were described by mean ± SD or median and interquartile range 
in case of continuous data, depending on whether the data were normally distributed 
frequencies and percentages that were described in case of dichotomous data. The 
occurrence of a complication was defined as a dichotomous variable (yes/no) and LOS in days 
as a continuous variable. Protein intake relative to requirements was defined as a continuous 
variable. We chose to describe this variable in steps of 10% for a distinct interpretation of the 
results. Table 5 shows examples per variable for a proper interpretation.
We performed an etiological analysis to answer our research questions. Logistic regression 
was used to assess the association of protein intake relative to requirements with the 
occurrence of complications. Because the LOS distribution was skewed, generalized linear 
models with an identity link function and γ-distribution were applied to assess the association 
of protein intake relative to requirements with LOS.
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The following variables were tested for potential confounding by using linear regression: meal 
service, age, gender, MUST ≥ 2, department, admission indication (elective vs emergency), 
oncologic disease, surgery, infection at admission, and comorbidities. Variables with an 
assumed association with the primary and secondary outcome and a proven association with 
protein intake relative to requirements (in our data) were included in the regression model. 
For all statistical tests, a two-tailed P-value <.05 was considered to be statistically significant. 
All data were analyzed with the software package SPSS (version 22, SPSS Inc, Chicago, IL).
RESULTS
Patient characteristics
Patient selection and demographics
A total of 2603 patients were assessed for eligibility; 707 patients were included in the study, 
of which, 637 were eligible for analysis. Table 1 shows baseline characteristics of the 637 
patients included in the analysis. The mean age of the patients was 59.3 ± 16.6 years and 
46.9% was male. The median number of days between admission and the first day of full-oral 
intake was 1 (1–2) day. A flowchart and details of differences in patient characteristics are 
provided in a previous publication.9
Table 1. Baseline characteristics of included patients.
Baseline characteristics N=637
Gender, n (%) Male 299 (46.9)
Age, years, mean±SD 59.3±16.6
Meal service, n (%) Traditional meal service 326 (51.2)
FoodforCare 311 (48.8)
BMI, kg/m2, mean±SD 26.5±5.2
MUST ≥ 2, n (%) 78 (12.3)
PG-SGA stadium C, n (%) 75 (12.8)
PG-SGA activities, n(%) No limitations 227 (35.6)
Fairly normal activities 150 (23.5)
In bed or chair less than half the day 87 (13.5)
Most of the day in bed/ chair or bed ridden 121 (19.0)
Admission, n (%) Emergency 259 (40.7)
Elective 378 (59.3)
First day of full oral intake, days after admission, median 
[IQR]
1 [1-2]
Oncological disease, n (%) 150 (23.5)
Surgical procedure, n (%) 61.7 (393)
(Suspected) Infection, n (%) 121 (19.0)














Internal Medicine 3 (0.5)
Dermatological 4 (0.6)




MUST: Malnutrition Universal Screening Tool; MUST ≥ 2: high risk of malnutrition; PG-SGA: Patient Generated-
Subjective Global Assessment; Stadium C: patient is severely malnourished.
Outcomes
Mean protein intake relative to requirements was 68.7% ± 31.8% and mean energy intake 
relative to requirements was 79.1% ± 33.1% at the first day of full-oral intake.
Complications
Table 2 shows that complications were observed in 92 of 637 patients (14.4%). Protein 
intake relative to requirements at the first day of full-oral intake was significantly associated 
with the risk of complications after adjusting for confounding factors. When the percentage 
of protein intake to requirements increased by 10%, the risk of a complication relatively 
decreased with 10%. Age, MUST ≥ 2, and department were associated with protein intake 
relative to requirements and have an assumed association with complications. Therefore, 
these confounders were included in the adjusted model. Table 3 shows the crude odds ratio 
(OR) from the univariate model and the adjusted OR from the adjusted model.
Table 2. Number of total patients with >1 complications and number of complications per different type 
of complications
Variables N=637  Examples
Total patients with ≥1 complication, n (%) 92 (14.4)
Total infectious complications, n (%) 26 ( 4.1) Urinary tract infection
Decubitus, n (%) 2 (0.3)
Surgical (non-infectious), n (%) 27 (4.2) Wound leakage
Other, n (%) 45 (7.1) Pneumonia
Table 3. Univariate and multivariate logistic regression analysis to assess the association of protein 
intake relative to requirements with complications
Beta SE Wald  Odds ratio  (95% CI) p-value2
Univariate model (N=637) -0.071 0.037 3.738 0.931 (0.87-1.00) 0.053
Multivariate model1 (N=637) -0.105 0.040 6.981 0.900 (0.83-0.97) 0.008
SE: Standard Error, CI: Confidence Interval;
1Adjusted for age, MUST≥2, department; 2p<0.05 is considered statistical significant.
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Hospital LOS
Overall, patients were admitted for a median LOS of 5 days (3.0–7.0). Figure 1 shows the 
univariate association between protein intake relative to requirements at the first day of 
full-oral intake and LOS. After adjusting for age, MUST ≥ 2, and department as confounding 
factors, the association between protein intake relative to requirements and LOS remained. 
Each increase of 10% in protein intake relative to requirements was associated with a shorter 
LOS of 0.23 days (Table 4).
Figure 1. The negative univariate association between protein intake relative to requirements and 
length of stay analyzed by a linear regression model
Table 4. Univariate and multivariate Generalized Linear Models (GLM) to assess the association of 
protein intake relative to requirements with hospital length of stay (LOS)













SE: Standard Error, LOS: Length of Stay, CI: Confidence Interval;
1Adjusted for age, MUST≥2 and department; 2p<0.05 is considered statistical significant.
Table 5. Examples of the interpretation of the results per variable
Result per variable Interpretation
An absolute increase of 10% in protein intake relative 
to requirements
Mean protein intake relative to requirements increases from 
50% to 60%
The risk of a complication relatively decreases with 
20%
Complication risk decreases from 30% to 24% (30-(30*0.2))
LOS decreases with 1 day LOS decreases from 3 days to 2 days




This study shows that in our cohort of medical and surgical patients, an increase in protein intake 
relative to requirements at the first day of full-oral intake is associated with complications and 
hospital LOS. More specifically, an increase of 10% in protein intake relative to requirements 
reduced the risk for complications and LOS with 10% and 0.23 days, respectively.
Previous research about the association between protein intake and clinical outcomes has 
mainly been performed in patients after surgery. Thus, these studies differ greatly from 
our study, which makes it difficult to compare. Our finding is in line with a study reporting 
about the association between protein intake and complications. A retrospective study 
from Australia (n = 95) reported that patients with gastrointestinal cancer who achieved 
adequate intake 7 days after surgery were more likely to experience at least 1 complication 
compared with patients achieving adequate intake within the first 7 days.12 Nutrition intake 
was measured in a retrospective manner, which is inferior to our prospective accurate 
measurements. Furthermore, the patient population was homogeneous, the number of 
complications was higher (35%), and the definition was different (all kinds of complications) 
than in our analysis (9.1%). A recent prospective study (n = 115) showed that an intake of 
≥60% of protein requirements in the first 3 days after colorectal surgery was associated 
with a shorter LOS of 4.4 days.10 This is a greater difference than our results (4.4 vs 0.25), 
which can be explained by the mean LOS of around 8 days compared with the median LOS 
of 5 days in our study. Another important difference is that this study assessed the ERAS 
protocol in which oral nutritional supplements (ONS) was offered in addition to a regular diet 
compared with our study, which was focused on a regular diet.10 These studies emphasize 
the importance of adequate intake within the first days after surgery.
Our study marks the relevance of adequate protein intake at the first day of full-oral intake for 
a broader group of hospitalized patients because it shows beneficial effects on LOS in surgical 
and medical patients. Optimal nutrition support resulting in an increased protein intake is, 
therefore, of crucial importance during the hospital stay. In this respect, implementation of 
an optimal hospital meal service is a powerful strategy. In our clinical study, we showed that 
the FfC meal service significantly improved protein intake relative to requirements at the 
first day of full-oral intake with 20% when compared with the TMS,9 which may suggest extra 
benefits for patients receiving this meal service regarding complications and LOS. However, a 
larger sample size is probably needed to confirm these extra benefits. In addition, adequate 
nutrition support might also prevent patients from becoming at risk for malnutrition, which 
might save malnutrition-related costs.13
This is the first study that analyzed the association between protein intake relative to 
requirements at the first day of full-oral intake and clinical outcomes in such a substantial 
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cohort with patients from medical and surgical departments. Confounding factors that 
could influence this association, such as age or malnutrition, were taken into account. We 
thoroughly examined such factors in the statistical analysis and adjusted for them when 
necessary to ultimately conclude that protein intake does play a role in reducing the risk of 
complications and LOS in this population.
We made no distinction between different types of complications in our analysis. Multiple 
factors play a role in the development of a complication, and there is no standardized method 
on which the inclusion of complications in such an analysis should be based. Furthermore, 
because complications were observed in only 92 of 637 patients (14.4%), a considerably 
larger sample size would be required to obtain more information on the association at 
different levels of complications. Also, our population could be healthier compared with 
the general hospital population by excluding patients receiving tube or parenteral feeding, 
resulting in a relatively low complication rate.
CONCLUSIONS
We provide evidence that an increase in protein intake relative to requirements at the first 
day of full-oral intake is associated with a decrease in the risk of complications and hospital 
LOS. Therefore, we recommend that hospitals focus on the provision of an adequate protein 
intake for all patients and on strategies to improve intake by means of optimization of their 
meal services. This strategy might prove to be a highway toward improved clinical outcomes.
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Home-delivered meal services are an example of a nutritional intervention in the home 
setting developed to enhance dietary intake and contribute to the independence of especially 
older adults. There is a lack of evidence about the contribution of specific elements of any 
home-delivered meal service on the improved outcomes. Therefore, a systematic review 
was performed to evaluate which elements of home-delivered meal services are effective to 
improve energy and protein intake, nutritional status, functional outcomes and satisfaction 
in adults. 
Methods
Pubmed, Embase and Web of Science databases were searched for studies assessing energy 
and protein intake, nutritional or functional status, or satisfaction of these services. The 
quality of the studies was assessed using the Quality Criteria Checklist for Primary Research. 
Results
Of 138 studies meeting the search criteria, 19 were included, none of which met the criteria 
to be rated as high quality. These studies show that various elements of home-delivered meal 
services such as Meals on Wheels providing protein-enriched bread or snacks in addition to 
meals or providing meals and snacks for whole days can improve outcomes such as energy 
and protein intake and satisfaction. A distinction can be made between services focusing on 
supporting homebound, essentially healthy, older adults and services aiming at the optimal, 
nutritional, transmural care for patients at risk for malnutrition. 
Conclusions
This review shows that various elements of these meal services can improve key outcomes. 
Following the rising interest and importance of these interventions, there is an urgent need 
to optimize such services to improve nutritional care at home regarding the increasingly 




Home-delivered meal services are an example of a nutritional intervention in the home 
setting developed to enhance dietary intake and contribute to the independence of especially 
older adults 1. These adults often suffer from reduced physical functioning due to chronic or 
acute conditions that limit daily activities like shopping and preparing meals 2, 3. It has been 
suggested that such services can increase nutrient intake and recent studies indicate that 
home-delivered meal services might reduce health care utilization and therefore, costs 4, 5. 
The improved nutrient intake seems to be dependent on the satisfaction level of meal 
recipients. Several studies suggest that intake increases when the recipient is satisfied with 
the quality of the meals 6-8. Therefore, it is recommended that preferences and satisfaction 
are monitored to ensure consumption of the meals 9.
Although these benefits are mostly seen in older individuals, age does not necessarily play 
a role when a disease or treatment causes the inability to prepare meals or to achieve 
adequate intake. Therefore, it would be interesting to gain knowledge about the effects of 
home-delivered meal in a population broader than just older adults such as adults at risk 
for malnutrition. At admission, 2% to 38% of hospitalized patients is malnourished and the 
percentage of older patients who are malnourished at discharge is estimated at 49% 10, 11. 
However, data on the prevalence of malnutrition in the home setting is limited. One study 
from 2012 describes a prevalence of 11% to 35% in community-dwelling older adults at 
home 12. Previous research has shown that malnutrition increases complication rates, 
prolongs hospital length of stay, and severely affects health care resources 11, 13-15.
So far, two systematic reviews, to our knowledge, have been conducted on home-delivered 
meal services that focused exclusively on older adults 1, 16. Both reviews based their conclusions 
on a collection of heterogeneous studies that focused on malnutrition as well as on obesity, 
which further precludes clear evidence-based conclusions for adults at risk for malnutrition. 
Also, these reviews did not provide information on the contribution of specific elements of 
any home-delivered meal service on improved outcomes. Therefore, a systematic review 
was performed to evaluate which elements of home-delivered meal services are effective in 
improving energy and protein intake in adults. Secondary research questions included the 
effective elements of such services in improving nutritional status, functional outcomes, and 
satisfaction.
METHODS
A systematic review was conducted according to the described protocol in line with the 
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines 17.
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Eligibility criteria
Studies that met the following criteria were included:
• Measurements of energy and protein intake, nutritional or functional status, or 
satisfaction;
• Inclusion of adults receiving home-delivered meal services;
• Randomized controlled trials (RCTs) and prospective cohort designs.
Because satisfaction is mostly measured at a single point in time, cross-sectional studies 
were allowed for this specific outcome. Studies that implemented a service regarding the 
delivery of artificial nutrition such as dietary supplements, oral nutritional supplements or 
(par)enteral nutrition or studies that focused on the prevention or treatment of obesity were 
excluded. No restrictions were imposed on language or publication date.
Search strategy and study selection
In collaboration with a professional medical librarian, the search strategy was designed for 
the PubMed, EMBASE, and Web of Science databases and the final search was conducted 
on January 13 2019. The following Medical Subject Headings terms were used: “home 
care services,” “food services,” “meals,” “patient satisfaction,” and “nutritional status.” 
Supplementary Figure 1 provides an electronic search of one database. Duplicates were 
removed and two investigators (VIJ and CB) independently screened title and abstracts. Full 
text articles were then reviewed to select the final studies for inclusion. Disagreements were 
resolved through consensus with a third investigator (MB). Reference lists of included articles 
and relevant reviews were screened for additional records.
Data extraction
The following data were extracted by two authors, and reported in Tables 1 and 2 and 
Supplementary Table 1: first author, year of publication, study design, targeted population, 
age of participants, type of meal service, duration of the intervention period, type of control 
and intervention group, sample size, outcome measurement(s) and the way these were 
measured, quality of the study, and results. In all included studies, statistical significance was 
described using a significance level (α) of 0.05.
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Table 1. Basic characteristics, outcomes and methods of included studies with a home delivered meal 
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a Mean±SD or median (IQR) age shown when reported. Age ranges were shown if SD or IQR was not reported.
b All meal services based on MOW are developed according to national guidelines, other meal services were not 
developed to meet specific requirements.
c +: Positive effect of intervention on outcome measure; ↔: No effect of intervention on outcome measure.
MOW: Meals on Wheels; MNA: Mini Nutritional Assessment; NA: Not Applicable.
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a Mean±SD or median (IQR) age shown when reported. Age ranges were shown if SD or IQR was not reported.
b All meal services based on MOW and DiMaria et al., 2015 were developed according to national guidelines. Other 




Our systematic search identified 2080 articles, after removing duplicates. Another 1942 
articles were excluded after screening and the remaining 138 articles were evaluated in full 
text based on our criteria. Nineteen full-text articles were included in the qualitative analysis 
(Figure 1).
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Figure 1. PRISMA flow diagram of identified and included articles for a systematic review of effective 
elements of home delivered meal services to improve energy and protein intake. PRISMA, Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses
Quality assessment
All studies met the relevance questions within the Quality Criteria Checklist for Primary 
Research, enabling completion of the validity questions. Hence, all studies were rated neutral. 
Topics that scored negative in most studies were selection bias, blinding, and comparable 
groups (Supplementary Table 2).
Population
Older adults
In 15 of the 19 studies, the home-delivered meal service focused on essentially healthy 
adults >60 y) of age. All studies described a meal service based on a Meals on Wheels (MOW) 
concept, which serves a homebound population who have difficulty shopping or cooking 
due to limitations in mobility. MOW mostly comprises the provision of hot or frozen meals 
to older adults to achieve daily nourishment and clients can choose how many meals are 
delivered each week. These services are federally supported and meet national dietary 
guidelines to promote health and delay adverse health conditions. However, three studies 
developed an alternative MOW concept for older adults. One RCT provided protein-enriched 
meals and bread for 2 weeks, one quasi-experimental study added snacks for 12 weeks, and 
another RCT compared two MOW services during 6 months (5 hot meals/week versus 21 
meals and 14 snacks/week 19, 22, 28. Additionally, three studies had an observational design 
and participants were followed up for 2, 3, and 18 months 21, 26, 27. Two quasi-experimental 
studies were performed for 8 weeks and 6 months 8, 20. The remaining seven studies were 




In 4 of 19 studies, the meal services described are different from MOW in the population 
served; namely, individuals who received meal services in association with hospitalization 
or medical treatment 18, 24, 25, 30. Unlike MOW, the meals are not developed according to 
specific dietary guidelines except for the Metropolitan Area Neighborhood Nutrition Alliance 
(MANNA) service. MANNA develops meals based on the U.S. dietary guidelines, the American 
Heart Association, and the American Institute for Cancer Research to individually tailor meals 
that meet the dietary need of each patient 30. Two studies focused on patients after discharge 
from the hospital. One of these studies (quasi-experimental) delivered seven energy- and 
protein-enriched meals and snacks from the hospital kitchen each week for 12 weeks after 
discharge 25. The other study, an RCT, provided the intervention group with 21 regular 
meals each week prepared by a local church for 10 days after discharge. The meals were 
delivered by a local organization that serves a low-income neighborhood 18. Another RCT 
was performed with malnourished outpatients with lung cancer and the intervention group 
was offered seven energy- and protein-rich meals and ad libitum snacks weekly from the 
hospital kitchen for 12 weeks. The meals were delivered by an independent transportation 
company 24. Finally, the cross-sectional study focused on the MANNA service, a community-
based organization providing 21 meals each week to individuals at acute nutritional risk and 
experiencing a life-threatening illness, independent of age 30.
Primary research question
Energy and protein intake
The quality of the eight studies on energy and protein intake was rated as neutral 
(Supplementary Table 1). Energy and protein intake were reported as kcal/day and g/
day, respectively. Various methods were used to measure energy and protein intake: Five 
were 24-hour recalls 8, 18, 20, 27, 28,  one was a dietary interview over the past week 24, one 
was a food frequency questionnaire (FFQ) 26 and one was based on a 2-day food diary with 
photographs of leftovers 19. Characteristics and extracted data can be found in Table 1 and 
in Supplementary Table 2. As shown in Table 1, five of eight studies reported a significantly 
improved energy or protein intake 8, 18, 20, 27, 28. These five studies widely differ in type of meal 
service and intervention period. For example, the study with the shortest intervention (10 
days) offered three meals daily to older adults after discharge, which is the largest number 
of meals in these studies 18. The RCT with a somewhat longer period of 2 weeks offered 
protein-enriched meals and bread to older adults 28. The other three studies found a positive 
effect on energy and protein intake after 8 weeks to 12 months of MOW 8, 20, 27. Two of the 
three remaining studies showed a tendency for increased energy intake when comparing 
the delivery of four to seven meals and snacks each week to usual care during 12 weeks, 
both claiming that the sample size was too small 19, 24. Finally, in the study by Ullevig et al. 
no significant improvements in energy or protein intake were found after 3 months of MOW, 
which may be attributable to the use of FFQs as indicated by the authors 26.




The quality of the seven studies on nutritional status was rated as neutral (Supplementary 
Table 1). Various methods to define nutritional status were used across studies: change in 
body weight (n = 4) 19, 22, 24, 25, skinfolds (n = 1) 19, fat-free mass (FFM; n = 1) 19, upper arm muscle 
area (n = 1) 19, upper arm and leg circumference (n = 1) 19, the Mini Nutritional Assessment 
Short Form (MNA-SF; n = 3) 22, 26, 27, Nutrition Screening Initiative (NSI; n = 1), 26 and the 15-
item Seniors in the Community: Risk Evaluation for Eating and Nutrition (SCREEN; n = 1) 21. 
Characteristics and extracted data can be found in Table 1 and in Supplementary Table 2. 
Four studies assessing nutritional status by validated questionnaires (MNA, NSI, and SCREEN) 
found improvements over time within groups (Table 1) 21, 22, 26, 27. However, one of these studies 
compared a traditional MOW to a new MOW (5 meals/week versus 21 meals and 14 snacks/
week) and no significant difference was found between groups 22. Four studies recorded 
body weight but only one study found a significant increase 19, 22, 24, 25. In that particular study, 
nutritional status was also assessed by upper leg circumference and skinfolds and those 
increased significantly more in the intervention group after 12 weeks of MOW compared 
with the control group 19. However, no significant difference was found in energy or protein 
intake. This discrepancy was explained by the authors as the result of strong within-subject 
variation in energy intake and the 2-day food diary being too short to address this variation 19.
Functional outcomes
The quality of the four studies on functional outcomes was rated as neutral (supplementary 
Table 1). Functional status was measured by handgrip strength (HGS) in three studies 19, 24, 
25. One study measured instrumental activities of daily living (ADLs) 22, two used the 30s 
chair stand test (30s CST) 24, 25, and one used the Eastern Cooperative Oncology Group 
performance status (ECOG) 24. Characteristics and extracted data can be found in Table 1 and 
in Supplementary Table 2.
The three studies that measured HGS consisted of the same intervention but in different 
populations. Namely, the delivery of a main meal and snacks during 12 weeks to older 
adults, patients after discharge, and individuals with lung cancer 19, 24, 25. Only the study with 
patients after discharge found a significant difference in HGS between the three groups of 
patients 25. The two studies with patients performing the 30s CST agreed on the positive 
effect of their meal service 24, 25. No significant difference between groups was found in the 
ECOG questionnaire 24. The fourth study found no significant differences in ADLs comparing 
the delivery of 5 meals/week with 21 meals and 14 snacks/week after 6 months 22.
Satisfaction
The quality of the 14 studies on satisfaction was rated as neutral (Supplementary Table 1). All 
data on satisfaction were collected cross-sectionally. Satisfaction was determined by a mostly 
self-composed questionnaire in eight studies 8, 9, 18, 22, 30-33, 35, by an interview in three studies 19, 
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23, 25 and a combination of a questionnaire and interviews in two studies 28, 34. Characteristics 
and extracted data can be found in Table 2 and in Supplementary Table 2. Eleven studies 
determined the satisfaction of MOW recipients and 3 studies were focused on patients. The 
majority of participants in all studies were satisfied with the meal services and especially 
with the taste, portion size, and quality. The studies that evaluated meal delivery reported 
that participants were generally satisfied; however, problems were encountered concerning 
divergent delivery times and hasty deliverers 8, 18, 19, 22, 23, 31, 33. Convenience was a crucial factor 
in the satisfaction of the participants because it enabled them to have more time to spend 
on other activities 19, 22, 23, 25, 28. Negative perceptions toward services concerned a repetitive 
menu cycle and a dislike of food textures 9, 31, 33, 34. In addition, participants found it important 
to be able to choose the type of food they preferred 23, 31.
DISCUSSION
The aim of this review was to evaluate which elements of home-delivered meal services are 
effective in improving energy and protein intake, nutritional status, functional outcomes, 
and satisfaction. This review demonstrated that various elements of these services, such as 
MOW, providing protein-enriched bread or snacks in addition to meals or providing meals 
and snacks for whole days, can improve outcomes, in the form of energy and protein intake 
and satisfaction. Furthermore, a distinction can be made between services focusing on the 
support of homebound, essentially healthy, older adults and those aimed at the optimal 
nutritional, transmural care for patients at risk for malnutrition.
First, studies with a high meal frequency and relatively short intervention period (10–14 
days), or the inverse (2–12 months), reported on improved energy and protein intakes. Thus, 
it seems that a long intervention period is not by any means essential to improving energy 
and protein intake. On the other hand, when the time frame is relatively short, the number 
of meals per day will likely play a role in establishing an effect on intake.
Second, a substantial variation was observed in the methods used to evaluate nutritional 
status, which makes it difficult to compare results 19, 21, 22, 25, 27. These findings highlight 
the importance of using standardized methods across studies to enable the collation of 
data. Recently, global consensus was reached for diagnosing malnutrition to facilitate the 
comparison of prevalence, interventions, and outcomes 36. These so-called GLIM criteria 
(Global Leadership Initiative on Malnutrition) might allow one to conclude in future studies 
whether nutritional status can be improved by any home meal delivery service. Third, 
functional status was assessed in only four studies using various tools, which seriously limits 
the conclusions based on these results. HGS was measured in three studies providing main 
meals and snacks for 12 wk but only one described a beneficial effect. The two studies that 
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performed the 30s CST both found a significant effect in favor of the intervention (i.e., meal 
service) group. However, these studies were small and underpowered, underscoring the 
need for well-designed RCTs in this field. Finally, the participants of all included studies were 
generally satisfied with their meal service 8, 18, 19, 22, 23, 25, 28, 31, 33, 35. Food quality, taste, portion 
size, convenience, and variety are important to achieve such a high level of satisfaction. 
Additionally, it is important to realize that older adults especially can experience barriers 
in using any meal service by their associated feeling of losing independence. Meal services 
should therefore also focus on this factors and provide older adults with knowledge about 
the service to refute barriers. Involving general practitioners in the implementation might 
prove another important strategy, as it has been suggested that older adults would be willing 
to consume protein-enriched foods when advised to do so by their health care provider 28, 37. 
It also should be noted that none of the studies in this review used a validated questionnaire 
to determine satisfaction. Again, for future research it is important to standardize any 
measurement of satisfaction or to perform qualitative research to provide true insight into 
the patient experience. 
For reasons mentioned previously, formulating any solid conclusions based on the available 
evidence is challenging. However, meal services have been assessed in other settings such as 
nursing homes. A systematic review and meta-analysis on older adults living in nursing homes 
concluded that meal-time interventions improved dietary intake 38. Here, implementation of an 
altered meal service, including the introduction of snacks, smaller meals, the freedom of choice, 
or a combination of these factors showed the most convincing increase in dietary intake. Food 
snacks and more variety in food choice were factors that improved nutritional status 38. These 
interventions and factors can be implemented in the home setting as well. Therefore, these 
results provide suggestions for the effect that meal services in the home setting may have. 
The results demonstrated that participants in the included studies were mostly older adults. 
On the one hand, this is caused by the majority of studies based on MOW and hence, only 
older adults were included. On the other hand, studies that did not have an age criterion still 
found a mean age >60 years. The four studies aiming to treat malnutrition in patients were 
published in the past three years and follow the trend of out-of-hospital interventions. The 
increasingly limited time of admission in hospitals makes it difficult to show improvement 
in nutritional or functional outcomes. Home-delivered meal service before or after hospital 
admittance can extend the intervention period for optimal feeding and relieve the workload 
of hospitals. These meal services might be a strategy for managing malnutrition in the home 
setting. Furthermore, because hospital stays are likely to decrease even further in the near 
future, out-of-hospital nutritional interventions will become even more important 39. The 
implementation of more long-term therapeutic nutritional interventions before and after 
hospitalization might reduce readmissions 40. Recent literature describes the possible benefit 
of medical tailored or non-tailored meal interventions for decreasing emergency department 
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visits and use of other hospital services4, 40, 41. This shows that the interest for this topic is 
rising and holds promise for becoming a new area of research.
A strength of this review was that recommendations were formulated for specific elements 
of a meal service that are effective and may guide future studies (Figure 2). More specifically, 
the need for more research concerning home-delivered meal services in patients before and 
after hospitalization was described because of the potential benefit. A limitation is that the 
GRADE system (Grades of Recommendation Assessment, Development and Evaluation) could 
not be used to assess the overall level of evidence per outcome across studies, although this is 
the preferred method. However, heterogeneity in the measurement methods and the report 
of results precluded the use of the GRADE approach. Instead, we used the Quality Criteria 
Checklist for Primary Research, which is specifically developed for studies in the field of 
nutrition and dietetics. Another limitation was that it was not possible to take the effects of 
other services offered to the older adults into account because a MOW service is mostly part 
of a program consisting of homemaker services, transportation, and family caregiver support.
• Intensive intervention period in case of short intervention period (e.g., offer 3 meals and 2 snacks/d)
• Large variety of food choice
• Focus on optimizing taste, portion size, convenience, and delivery
• Standardized methods to evaluate malnutrition and functional outcomes
• Focus on specific patient groups
Figure 2. Recommendations for future studies based on a systematic review of effective elements 
of home-delivered meal services to improve energy and protein intake
CONCLUSIONS
This review demonstrated that various elements of home-delivered meal services can 
improve key outcomes, including energy and protein intake, and that the number of meals 
provided per day seems to play an important role when the time frame of an intervention 
is short. It is suggested that such services also can improve nutritional status and functional 
outcomes, although standardized methods and more well-designed RCTs are required 
at this point to confirm these findings. Furthermore, services should focus on optimizing 
taste, portion size, convenience, variety, and delivery to improve the satisfaction level of 
participants, which might further improve energy and protein intake (Figure 2). Following the 
rising interest of these meal service interventions, there is an urgent need for more research 
focusing on improving nutritional care at home regarding the increasingly limited time frame 
of admission in hospitals.
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trial on a home delivered meal service 
in advanced cancer patients undergoing 
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ABSTRACT
Background 
Performing a randomized controlled trial (RCT) in the field of nutrition is challenging and 
success highly depends on understanding the factors that influence recruitment and dropout 
of participants. Our aim was to assess the feasibility of a RCT that evaluated a home delivered 
meal service in advanced cancer patients while receiving chemotherapy. 
Methods 
This pilot RCT aimed to enroll 20 participants who were randomized into the home delivered 
meal service group or usual care group. Study procedures took place before chemotherapy 
(T0), 3 weeks after T0 (T1), 6 weeks after T0 (T2) and 3 months after T2 (T3). All information 
regarding recruitment, dropout and study procedures was recorded. Patient satisfaction was 
assessed by in-depth interviews.
Results
Over 7 months, 20 of 41 approached patients (49%) were included, followed by a dropout 
rate of 35%. At baseline, hand grip strength (n = 8/16), the Short Physical Performance 
Battery (n = 12/16) and nutritional intake (n = 8/16) had the highest rate of missing values. 
Study procedures were not experienced as burdensome and planning of these procedures in 
line with fixed hospital appointments contributed to this low burden. Keeping the symptom 
diary was mentioned as being burdensome.
Conclusions 
It is feasible to conduct a RCT on a home delivered meal service in advanced cancer patients 
during chemotherapy, although recruitment is challenging. Close contact of patients with 
recruiting personnel is essential to sustain motivation. To increase compliance with the study 
protocol it is important to carefully instruct participants on how to complete questionnaires 






Cancer patients who receive treatment such as chemotherapy experience a variety of 
nutrition-related symptoms such as loss of appetite, nausea and taste changes. These 
nutrition-related symptoms interfere with the patient’s ability to eat and to enjoy meals, 
leading to impaired nutritional intake, deterioration of the nutritional status and decreased 
quality of life 1, 2. Several clinical studies suggest that patient satisfaction with regard to quality 
of meals promotes nutritional intake during hospitalization 3, 4. Adapting meals in line with 
nutrition-related symptoms might be a successful strategy to improve patient satisfaction 
and nutritional intake. Studies show a lack of care for nutritional problems experienced by 
cancer patients, leading to worsening of nutrition-related symptoms, hospitalization and a 
poorer prognosis 5-11. On the other hand, adequate nutritional care and high quality food 
provision support the patient’s nutritional status and quality of life 3, 8. 
Research efforts on nutritional care so far mainly focused on the effects of optimizing hospital 
meal services to improve nutritional intake. However, this feature is becoming increasingly 
critical for patients at home in light of the ongoing shortening of hospital stay 12. Moreover, 
although most cancer patients receive their chemotherapy cycles in the hospital, they mostly 
recover in between these periods at home. Extending hospital nutritional care to the home 
setting, including meal services, is therefore becoming increasingly relevant to improve 
nutritional intake and possibly overall cancer care outcomes, including the prevention of 
hospital readmissions 13-15. 
Due to the multiplicity of oncological diseases and treatment related nutritional symptoms 
there is a need for studies on effective nutritional interventions especially in the home 
situation. However, RCTs in this field are challenging due to specific barriers such as 
delayed recruitment, patient burden and the logistical process specifically for nutritional 
interventions in the home setting 16, 17. For example, recruitment could be delayed because 
of low compliance with the nutritional intervention or a higher motivation to participate 
and comply in drug trials 17. Hence, the success of any RCT highly depends on appreciating 
the factors that influence recruitment and loss of participants during follow up in general 
and also to gain insight in nutrition related challenges. The identification of such barriers 
and practical challenges but also facilitators is important when designing future trials. This 
pilot therefore assessed the feasibility of a RCT to evaluate a home delivered meal service in 
advanced cancer patients undergoing chemotherapy, as compared to usual care. We assessed 
recruitment, reasons for dropout, patient burden of the study protocol and satisfaction and 
give recommendations for future interventions in this setting.
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METHODS
Study design and population
This pilot study was performed at the Radboudumc in Nijmegen, the Netherlands prior to 
the start of a prospective RCT on the effect of a home delivered meal service on quality 
of life (ClinicalTrials.gov NCT03382171). The Medical Ethics Committee of the Radboudumc 
indicated that no formal approval was required for this study (2016-3043). The aim of 
this pilot study was to enroll twenty participants and investigate our feasibility objectives. 
Inclusion criteria for eligibility were Dutch-speaking adults aged 18 years or older, who 
had been diagnosed with metastatic colorectal or gynecological malignancies starting with 
3-weekly scheduled chemotherapy. In addition, patients needed to live within a 40 km radius 
from the cities Nijmegen or Veghel and used exclusively oral nutrition. Exclusion criteria 
included renal insufficiency (MDRD-GFR < 60ml/min and/or proteinuria), food allergies or 
a planned vacation during the intervention period. The inclusion criteria were expanded 
because of a low inclusion rate in the first three months as described in the results section. 
This expansion meant that instead of only recruiting patients with advanced colorectal or 
gynecological malignancies receiving a 3-weekly chemotherapy schedule, also curatively 
treated cancer patients receiving at least a 2-weekly chemotherapy schedule were eligible. 
Exclusion criteria included renal insufficiency (MDRD-GFR < 60ml/min and/or proteinuria), 
food allergies, swallowing or passage problems as in head and neck cancer patients or a 
planned vacation during the intervention period. 
Nutritional intervention
The intervention (home delivered meal service) implied the use of six protein-rich dishes 
per day and was based on the FoodforCare (FfC) meal service that is currently in use in the 
Radboudumc 18. Participants allocated to the intervention group received a morning shake, 
two lunch meals, snack, dinner and dessert for each day (average energy 1553 kcal/day, 
average protein 60.8 g/day) during three weeks. These dishes were prepared, packed for 
refrigerator storage and delivered to the participants two times per week. The menu consisted 
of a 4-week rotating seasonal menu and all participants received the same menu. In addition, 
participants received an information leaflet on their personal protein requirements (1.2g/
kg body weight), protein content of the dishes and a so-called, self-made, protein-measure 
which they could use to register their own protein intake to gain insight in whether their daily 
requirements were met. Since breakfast and drinks were not included in the intervention, 
advices about protein-rich choices were added to the leaflet including the protein content of 
these products. Breakfast was not included because the freshness of bread, for example, could 
not be guaranteed considering the dishes were provided two times per week. Participants 
allocated to the control group received usual care and sustained their own usual diet. These 
participants did not receive any nutritional advice except when they were seen by a dietitian 
as part of usual care. In both groups, dietitians were notified about the study participation 
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in case individual dietary counselling was required. To minimize attitude modification the 
following measures were included: counselling started before randomization, dietitians are 
expected to follow the standard hospital protocols for nutritional counselling and dietitians 
were instructed to refer participants to the research team when they received questions 
about their participation.
Study procedures
The study was introduced to eligible patients by a clinical nurse specialist (CNS) before the 
start of chemotherapy and those who were interested received an information leaflet. Also, 
patients were asked for consent to be contacted by the coordinating researcher to discuss 
the study in more detail. All participants gave written informed consent before entering the 
study. Patients who agreed to participate were randomized into the intervention group (home 
delivered meal service) or the usual care group with stratification for tumor type and the 
emetogenicity of the prescribed chemotherapy regimen 19. Randomization was performed 
using the electronic data capture system Castor EDC by the coordinating researcher (VIJ). 
Given the nature of the intervention it was not possible to blind participants and/or 
investigators. Study procedures were performed at four fixed time points during the study 
period i.e. before the first cycle of chemotherapy (T0), 3 weeks after T0 at the second cycle 
of chemotherapy (T1), 6 weeks after T0 at the third cycle of chemotherapy (T2) and three 
months after T2 (T3) (Figure 1). The intervention period started at T1 until T2 and lasted 3 
weeks. All procedures were performed by a trained nutritionist/dietitian at the outpatient 
clinic or at the participants’ home.
Figure 1. Study design of the pilot study
Primary outcome
The primary outcome of this pilot study was the feasibility of conducting a RCT concerning 
a home delivered meal service in advanced cancer patients undergoing chemotherapy, as 
compared to usual care. Feasibility was assessed by the following aspects:
• Recruitment: evaluated by the number of patients who were approached, and those who 
were included or excluded. All relevant information behind eligibility and participation 
was recorded by the coordinating researcher (VIJ).
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• Dropout rates: recorded by the coordinating researcher, including reasons for dropouts.
• The feasibility of study procedures: assessed by recording data availability and reasons 
behind missing data. 
• Patient satisfaction: assessed by in-depth interviews.
The following study procedures were performed at all time points:
• Quality of life of the participants was assessed by the validated EORTC-QLQ C30, a 30-
item instrument 20.
• Caregiver quality of life was assessed by the validated Caregiver Reaction Assessment 
(CRA) which consists of 24 questions including both negative and positive aspects of 
caregiving experience 21.
• Nutritional intake was measured by a two-day food diary filled in by participants on 
one week day and one weekend day before each measurement and cross-checked by a 
dietitian 22.
• Nutritional status was determined by the validated Patient Generated- Subjective Global 
Assessment (PG-SGA) and by measuring body weight on a calibrated weighting scale 
(Seca 877) 23, 24.
• Hand grip strength was measured using a hand-held dynamometer (Lafayette Instrument 
Company) and is a simple, non-invasive evaluation of muscle strength 25, 26.
• The physical performance of the participants was assessed using the Short Physical 
Performance Battery (SPPB) and the Karnofsky Performance Status (KPS) 27, 28. The SPPB 
comprises three components: balance, gait speed and chair-stand time 27. The KPS was 
assigned by the treating physician 28.
Furthermore, medication use was self-reported and the severity of symptoms was graded in 
the ‘Utrecht Symptom Diary’ every day for 3 weeks during the intervention period (between 
T1 and T2) 29, 30.
Participants were asked to participate in an interview about satisfaction with regard to 
participation in the study and the study procedures. These interviews were conducted by one 
researcher according to the topic list provided in additional file A 31. Participants were also 
asked to grade the level of the overall burden of their participation between 0 (low burden) 
and 10 (high burden). The topic list was developed in collaboration with an expert group 
comprising dietitians, and nutritional and qualitative researchers. Interviews were conducted 
at a place of choice, mostly with the participant alone (n=9) and sometimes together with 
their informal caregiver (n=8). Interviews were digitally recorded with participants’ consent 
and transcribed verbatim for analysis. For the thematic analysis the data of interviews 
with seventeen participants were used, due to technical issues with one recording and the 




Descriptive statistics were used to analyze recruitment, dropout rate, sociodemographic 
and clinical characteristics of participants and percentage of missing data. After consent, 
participants were characterized using data on primary tumor, emetogenicity of the 
chemotherapy, nutritional status and comorbidities from their patient record. It was recorded 
whether or not outcome measurements were completed. However, no quantitative statistical 
analyses with the data of the outcome measurements were performed because this study 
primarily focused on feasibility. Furthermore, sample size calculations were performed 
before the start of the pilot study and showed that 164 participants were needed to detect 
a clinically relevant difference in effect of a home delivered meal service on quality of life. 
The prospective RCT will provide in these numbers and preliminary analysis is not allowed 
according to the study protocol (ClinicalTrials.gov NCT03382171). 
The interview transcripts were analyzed thematically. First, transcripts were coded using 
the general themes of the topic list. The codes were compared and discussed to reach 
consensus and to develop a code tree. Thereafter, two researchers discussed and clustered 
the main categories to identify the main themes (NL, VIJ). Inter-rater reliability was ensured 
by two researchers coding independently and discussing the interviews and the evolving 
code tree during the stage of open and axial coding using the software Atlas.ti version 8.1 31. 
Results of the qualitative analysis were discussed within the wider research group for further 




Over a recruitment period of 7 months (November 2017 to June 2018), 41 patients were 
approached of whom 20 (49%) were included in the study (Figure 2). Of these 41 patients, 
14 declined to participate and 7 were ineligible. Most common reasons for refusal were that 
some patients considered the burden of participation too high (n=4) and others did not want 
to change their diet (n=5). The most apparent reason for ineligibility was referral to another 
hospital for treatment (n=5).
On average, 6 patients were approached per month (Figure 3). The inclusion rate was low 
in the first three months (only three patients recruited). This made us decide to expand 
the inclusion criteria as follows: instead of only recruiting patients with advanced colorectal 
or gynecological malignancies receiving chemotherapy following a 3-weekly schedule, also 
curative patients with all cancer types receiving chemotherapy following at least a 2-weekly 
schedule were eligible because of the similar course of symptoms. Furthermore, since the 
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intervention was not suited for patients with swallowing or passage problems as in head and 
neck cancer patients, this was added as an extra exclusion criterium. After approval of the 
ethics committee, these changes were implemented and the inclusion rate increased from 
three participants in the first three months to 17 participants in the next four months.
After randomization, 11 participants were allocated to the usual care group and 9 participants 
to the intervention group. The mean age in the usual care group was 59 years (36% male) 
compared to a mean age of 63 years in the intervention group (22% male) (Table 1). Overall, 
13 participants (65%) completed the follow-up of the study. In the usual care group, seven 
participants (64%) completed all four time points, one participant dropped out after T0, no 
participants dropped out after T1 and 3 participants dropped out after T2. In the intervention 
group, six participants (67%) completed all four time points, one participant dropped out 
after T0, 2 after T1 and none after T2. Main reasons for dropouts were dissatisfaction with 
the intervention (n=2), too much going on (n=2) and a diagnosis of terminal disease (n=1) 
(Figure 2).
Table 1. Baseline characteristics of the 20 participants included in the pilot study




Gender, n (%) Male 4 (36) 2 (22)
Age, years, mean±SD 59±14 63±10
MUST score, n (%) 0 9 (82) 7 (78)
1 1 (9) 0 (0)
≥2 1 (9) 2 (22)
Primary tumour, n (%) Gastrointestinal 5 (46) 3 (33)
Breast cancer 2 (18) 2 (22)
Gynecological 4 (36) 4 (44)
Metastases, n (%) Yes 7 (64) 5 (56)
No 4 (36) 4 (44)
Emetogenicity chemotherapy, n (%) High 1 (9) 0 (0)
Moderate 5 (46) 7 (78)
Low 5 (46) 2 (22)
Chemotherapy schedule, n (%) Two weekly 1 (9) 0 (0)
Three weekly 10 (91) 9 (100)
Comorbidities, n (%) None 5 (46) 3 (33)
Diabetes 2 (18) 0 (0)
Hypertension 2 (18) 1 (11)
Cardiovascular 1 (9) 0 (0)
Other 4 (36) 2 (22)
MUST: Malnutrition Universal Screening Tool; MUST=0: low risk of malnutrition, MUST=1: medium risk of malnutrition, 
MUST ≥ 2: high risk of malnutrition.
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Figure 3. Number of total participants included per week of recruitment and number of included 
participants after expansion of the in- and exclusion criteria
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Feasibility of study measurements
All participants who completed the follow-up also finished all questionnaires and procedures 
at T0, T1, T2 and T3 for quality of life, nutritional status and performance score. Hand 
grip strength (n=8), the SPPB (n=12) and nutritional intake (n=8) had the highest rate of 
missing’s at all time points but especially at baseline due to limited time between inclusion 
and baseline (Table 2). Main reasons were logistic in nature, such as participants who were 
already connected to their infusion set at the time of the baseline measurement making it 
impossible to measure hand grip strength at the hand connected to the infusion set and the 
SPPB. The food diary also had to be filled in two days prior to the start of the chemotherapy 
which was not always possible due to the short inclusion period. Also, two participants 
were not willing to visit the hospital earlier to undergo measurements because of the extra 
burden. 









Quality of life patient (EORTC-QLQ C30) x 0 0 0 1 
Quality of life caregiver (CRA) x 0 0 0 0
Nutritional status (PG-SGA) 0 0 0 0
Hand grip strength 8 3 3 2 
SPPB 12 3 3 3 
Karnofsky score 0 0 0 0
Nutritional intake 
(food diary)
x 8 3 3 2 
Symptom- and medication diary1 x NA NA 2 NA
NA: Not Applicable.
1 The symptom and medication diary was only filled in during the intervention period and handed in at T2.
Patient satisfaction
Eighteen out of twenty participants participated in an interview regarding their satisfaction 
and perceived burden of the participation in this pilot study. Two participants declined to 
participate in the interview because of the extra burden. In total, the data of interviews with 
seventeen participants (17/20) were used because one interview was not properly recorded 
due to technical problems. 
Most participants expressed that their main reason for participating in the study was to help 
future patients. One participant even specifically expressed that she participated to help her 
family and children in case they would get sick in the future. Also, participants felt that the 
intervention might have positive effects on their health and expressed interest in the topic. 
For some participants in the intervention group participating was experienced as a positive 
event because of the nutritional advice they received during the study.
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‘It [participating in the trial] was very useful to me because I got a list with the 
amount of protein per meal and a guideline about how much protein I needed [during 
chemotherapy] and that helped me a lot. I used these as guidelines for my meals for 
weeks afterwards.’
Of 17 participants, 88% (n=15) graded the level of burden (from 0 to 10) that they 
experienced by participating in the pilot study. The median level of burden was 2, ranging 
from 0 to 3. Reasons for this low burden were that participating did not take a lot of extra 
time or costs because the study procedures could be performed in between their hospital 
appointments which saved them time and additional parking costs. Several participants said 
that they would have hesitated or refused to participate if extra visits to the hospital were 
part of the study considering the high number of regular hospital visits already. Reasons for 
higher burden were the symptom diary which was considered as too much work and the 
fact that everything was on paper instead of digitally. Some remarks were made about other 
cancer patients who were considered more ill or older and therefore, might experience more 
difficulties in participation.
‘Of course I do have some complaints but when I see other people in the hospital I 
think that many people have many more complaints than I do. Well, I really wondered 
when filling in [the questionnaires] how do people who are really sick do that?’
Participants expressed their satisfaction with regard to the contact with the study personnel 
during the study. Participants were also positive about the study personnel giving them 
instructions in order to enable them to fill in the questionnaires. However, some participants 
mentioned that participating in such a study did imply contact with many different staff 
members which was seen as a negative aspect. 
Experiences with study procedures
Participants experienced little problems with completing the quality of life questionnaires. 
The frequency and time needed for filling in were not experienced as burdensome by most 
participants and the questionnaire was not confronting. The food diary was also no problem, 
although some help from their caregiver or the study personnel was sometimes needed. 
Two participants made remarks about whether the diary was representative for their normal 
eating habits.
Some participants experienced completing the symptom diary as burdensome, especially 
because it had to be filled in daily. Others found it a useful tool tracking their symptoms for 
themselves. One participant even brought the diary to the appointment with the oncologist 
and used it to express the symptom burden.
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‘So I thought I will bring it [symptom diary] with me so I can show the doctor exactly 
on which day I had complaints. This way, the doctor could respond with medication so 
I would have less complaints.’ 
The caregivers in this pilot study also completed a questionnaire. Most caregivers experienced 
little burden, although one caregiver indicated that the Caregiver Reaction Assessment was 
confronting because it made the caregiver reflect on the course of the disease.
DISCUSSION
The aim of this study was to assess the feasibility of a pilot RCT on a home delivered meal 
service in advanced cancer patients undergoing chemotherapy, as compared to usual care. 
We found an inclusion rate of 49% and an additional dropout rate of 35%, with hand grip 
strength, SPPB and nutritional intake having the highest number of missing data at all time 
points, due to logistical reasons. Overall, participants were satisfied with their participation 
and graded the burden of participating with a median of 2 (0-3).
A delayed recruitment is a well-known phenomenon and is reported in other RCTs . Common 
causes reported in other RCTs are i) lower numbers of eligible patients than expected, ii) 
recruiting clinicians forget to invite patients to participate or iii) patients have strong treatment 
preferences and dislike randomization 32-34. In addition, there are specific aspects in cancer 
trials such as reluctancy to participate because of the possible toxic effects of chemotherapy, 
the belief that a clinical trial is not appropriate for serious diseases and logistical concerns 
about protocols being too complex 35, 36. In the present study, we decided to expand our 
inclusion criteria following disappointing initial inclusion numbers. This expansion resulted 
in a more heterogenous population and, as expected, an increased inclusion rate. Also, 
we felt that these expanded criteria better reflect clinical practice and might increase the 
generalizability of the results. Similarly, a recent pilot focusing on providing meals to older 
adults after discharge also experienced slow recruitment. These investigators chose not to 
adapt the inclusion criteria, which resulted in a recruitment period of more than a year to 
include 24 patients 37. Besides expanding the inclusion criteria other reported strategies 
to improve recruitment are i) using a telephone reminder to contact non-responders, ii) 
keeping the recruiting staff motivated and iii) expanding the recruitment to other hospitals 37, 
38. It could also be useful to estimate the number of eligible patients in advance based on the 
in- and exclusion criteria. Instructing the clinical nurse specialist to provide the information 
leaflet as soon as possible is important as well as keeping them motivated for recruitment. 
Possible strategies to keep recruiting staff motivated could be to i) send them newsletters 
about the study, ii) speak with them face-to-face about eligible patients, iii) involve them in 
the protocol writing in order to make them part of the study or iii) share positive responses of 
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participants with them. The process of including other centers takes time and can complicate 
logistic processes so it is recommended to start this process as soon as a delayed recruitment 
is noticed and to consider whether the logistics are feasible. However, our findings show 
that, when approached, patients are willing to participate (50%). As an important reason to 
participate in the present study, participants expressed they found it important to contribute 
to science and to contribute to future care for other patients. 
In the present study, some patients wanted to start chemotherapy first and dependent 
on the impact decide whether or not they would be able to participate. In addition, some 
patients felt that nutritional intervention immediately at the start of the chemotherapy 
was unnecessary because they did not experience problems with eating and were in good 
shape. Symptom burden and nutritional outcomes often deteriorate over the course of 
chemotherapy 39-41. Therefore, to improve patient inclusion in future studies it seems 
appropriate to offer patients a nutritional intervention when nutritional impact symptoms 
occur although implications for internal validity should be kept in mind.
During the study period, 7/20 participants dropped out at one of the four time points. In 
addition, the highest number of missing values were reported at baseline due to limited time 
between inclusion and baseline. This is a logistic barrier that is difficult to prevent because it 
depends on the timing of consent, the often immediate start of the chemotherapy and the 
treatment plan of the oncologist. A possible strategy could be to maintain close contact with 
the clinical nurse specialist about the planning of patients. The short time between diagnosis 
and start of treatment resulting in a short time period available for baseline data collection is 
also mentioned in another feasibility study 38. 
In general, study procedures were not experienced as burdensome and planning of these 
procedures in line with fixed hospital appointments contributed to this low burden. Several 
participants indicated that because they were in good shape, the burden of the procedures 
was experienced as low which was also one of their considerations to participate. On the 
contrary, higher burden of participation was expressed in regard to the symptom diary and 
the fact that it had to be filled in every day for three weeks. Coolbrandt et al. described 
that one third of patients found filling in a symptom diary every day too burdensome 42. 
Despite the experienced high burden, we received complete symptom diaries of 90% of 
the participants indicating high compliance. Such diaries have shown to support patients in 
symptom management which reduces symptom burden 30, 42, 43. Our participants experienced 
the diary as a useful tool to track symptoms and communicating this to the oncologist. 
Therefore, it is important to emphasize the advantage of keeping the diary to the patient 
and the opportunity it brings in the communication with their physicians. If available, it 
could also help if the diary could be filled in digitally. Findings on the food diary were that 
some participants doubted if their contribution was representative and some participants 
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did not fully understand how extensively the food diary needed to be filled in. We 
therefore recommend to carefully instruct participants on how to fill in the questionnaires 
and to evaluate this afterwards to prevent misunderstandings for further measurements. 
Furthermore, the benefits of these questionnaires or diaries for the patient should be part of 
this instruction to motivate participants and increase compliance.
The present study contributes to a better understanding of patients’ experiences when 
participating in a nutritional intervention trial during chemotherapy. Furthermore, it 
describes the challenges as well as possible solutions that arise in the recruitment of patients 
and data collection during such a trial (table 3). Another strength is that we performed 
qualitative interviews with the participants that provide significantly more information 
when compared with a questionnaire on paper. A limitation of this study was that we could 
not blind participants nor researchers. Conducting double-blind placebo-controlled trials 
in nutritional intervention studies is challenging but it does minimize the risk of bias 17, 44. 
However, interventions on nutrient supplementation are easier to conduct in a blinded and 
placebo-controlled manner than whole menu or dietary advice interventions as in our study 
17, 44. Nevertheless, the study participants can be coded in such a way that the researcher 
analyzing the data is unaware of the group allocation.
Table 3. Summary of possible strategies that might improve feasibility in terms of recruitment, missing 
values and patient satisfaction
Recommendations
Recruitment and inclusion  – Expand inclusion criteria to increase the number of eligible patients and improve 
generalizability. 
 – Include more recruitment centers to increase the number of eligible patients as soon 
as a delayed recruitment is noticed.
 – Inform eligible patients about the possible course of nutritional symptoms during 
chemotherapy when asking them to participate. 
 – Inform eligible patients that the burden of participation will be kept as low as possible 
(no additional hospital visits, non-invasive procedures etc.).
 – Keep recruiting staff motivated by sending them newsletters about the study, speak 
with them face-to-face about eligible patients, involve them in the protocol writing or 
share positive responses of participants with them. 
 – Estimate the number of eligible patients in advance based on the in- and exclusion 
criteria. 
Missing values  – Maintain close contact with the clinical nurse specialist about the planning of patients 
to prevent missing values at baseline.
 – Pay extra attention to instructing participants on how to fill in questionnaires and 
diaries and evaluate afterwards.
 – Emphasize the benefits of questionnaires and diaries in the communication with their 
practitioners to create motivation and increase compliance.
Patient satisfaction  – Combine study appointments with existing hospital appointments to prevent extra 
hospital visits.
 – Minimize the number of different staff members having contact with the participants.
 – Keep an overview of the studies that eligible patients are being asked to participate in 




In conclusion, it is feasible to conduct a RCT on a home delivered meal service in advanced 
cancer patients during chemotherapy. However, it is important to be critical on recruitment 
goals and to intervene in time when inclusion is lower than expected. Possible strategies are to 
include additional recruiting centers and to expand in- and exclusion criteria. A logistic barrier 
was encountered due to the short time frame between consent and baseline procedures 
which exemplifies the importance of maintaining close contact with the recruiting personnel. 
Participants experienced low burden with filling in the questionnaires and performing the 
study procedures. To increase compliance, it is important to carefully instruct participants on 
how to fill in questionnaires and diaries and to emphasize to use these in the communication 
with their practitioners. Overall, this study provides guidance for future studies focusing on 
nutritional interventions in cancer patients receiving chemotherapy. 
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The effect of a preoperative home-delivered 
protein-rich meal service to improve protein 
intake in surgical patients: 




Manon van den Berg




The preoperative period likely provides an important opportunity to improve postoperative 
recovery as suggested by the finding that low nutritional status is a predictor of increased 
postoperative complications and longer length of stay. It was investigated whether a home-
delivered protein-rich meal service improves protein intake relative to requirements within 3 
weeks prior to surgery compared to usual care.
Methods 
A randomized controlled trial in adults with planned surgery was performed at the 
Orthopedics, Urology, Gynecology or General Surgery department were included (n=126). 
The intervention group received six protein-rich dishes per day for 3 weeks and the control 
group sustained their usual diet. Dietary intake, nutritional status, hand grip strength, 
physical performance and quality of life were assessed at baseline and after 3 weeks. Patient 
satisfaction was reported after 3 weeks and data on complications and length of stay 30 days 
after surgery. 
Results 
Protein intake relative to requirements significantly improved by 16% and energy intake 
relative to requirements by 19% for the meal service compared to usual care. The intervention 
group experienced significantly less stress with preparing meals and were more satisfied 
with the presentation of the meals than the control group. No significant effects of the 
intervention were detected on other secondary outcomes.
Conclusion 
The home-delivered protein-rich meal service was successfully implemented before surgery 
and improves protein and energy intake relative to requirements within 3 weeks while 
patient satisfaction maintained. The preoperative period serves as a window of opportunity 




The preoperative period likely provides an important opportunity to improve patient 
outcomes and postoperative recovery as suggested by the finding that malnutrition is a 
predictor of increased postoperative complications and longer length of stay 1,2. In this vein, 
preoperative screening and treatment of malnutrition became one of the quality indicators 
according to the Dutch Healthcare Inspection 3. Early nutritional interventions may result in 
a better start for patients and improved postoperative outcomes since there is evidence that 
optimal nutrition results in lower complications 4. 
Preoperative nutritional support or exercise training may reduce length of stay and 
postoperative complications 5-8. Prehabilitation programs combining high-intensity training 
with protein supplementation improved functional capacity and strength 9,10. However, these 
studies merely included patients undergoing colorectal surgery whereas optimal preparation 
is essential across all surgical populations 6,11. In addition, several programs use a multimodal 
approach comprising combined nutritional, psychological and exercise interventions 12. 
It is unclear which component (nutrition or exercise) contributes most to the success of 
prehabilitation programs 7. 
An innovative hospital meal service coined as FoodforCare (FfC) has been developed and 
implemented in the Radboudumc, an academic hospital in Nijmegen. This meal service 
comprises the active distribution of small protein-rich dishes that are served 6 times a day. In 
the in-hospital population, FfC improves protein and energy intake relative to requirements 
when compared with the traditional meal service 13. However, in most patients the risk 
for malnutrition develops in the period before hospital admission as 14.9% of patients is 
already malnourished at admission 14. Nowadays, length of hospital stay is often too short 
to effectively treat malnutrition during admission, hence it is inevitable and important that 
attention for nutrition becomes an integral part of outpatient care. Therefore, it is interesting 
whether administration of a protein-rich meal service as part of prehabilitation would benefit 
a surgical population subjected to a wide range of elective surgical procedures. To this end 
a 3 week open label randomized clinical trial was executed that compared this meal service 
consisting of six protein-rich dishes per day with usual care in patients scheduled for a wide 
range of surgical procedures. 
METHODS
Study design and subjects
A multi-center randomized controlled trial (RCT) in patients scheduled for surgery was 
performed in two hospitals in the Netherlands between March 2018 and August 2019. 
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The Medical Ethics Committee of the Radboudumc indicated that no formal approval was 
required for this study (2016-3043) (clinicaltrials.gov: NCT03488511). The study population 
comprised Dutch-speaking adults aged 18 years or older, living within a 40 km radius from 
the Radboudumc. Patients had an indication for elective surgery ≥ 4 weeks for one of the 4 
following disciplines Orthopedic, Urology, Gynecology or General Surgery. Exclusion criteria 
were renal insufficiency (MDRD-GFR < 60ml/min and/or proteinuria), food allergies or 
planned vacation during the intervention period. Patients were considered as drop-outs if 
they had an emergency admission of more than 3 days during the intervention period.
Potential participants were identified and recruited by screening on in- and exclusion criteria 
at the outpatient clinics of Radboudumc and Maasziekenhuis Pantein in the Netherlands. All 
participants received oral and written information concerning the study prior to inclusion 
and gave their written informed consent before participation. Participants were randomized 
in the intervention or the control group, using block randomization, stratified for specialism 
and risk for malnutrition using the MUST (Malnutrition Universal Screening Tool) score. 
Randomization was performed by the electronic data capture system Castor EDC in blocks of 
4. Given the nature of the intervention it was not possible to blind participants or investigators.
Nutritional intervention
The intervention comprised the use of six protein-rich dishes per day and was based on the 
FfC meal service used in the hospital (Figure 1) 13. Participants allocated to the intervention 
group received a morning shake, 2 lunch dishes, snack, dinner and dessert for each day 
(average energy 1553 kcal/day, average protein 60.8 g/day) during three weeks. In addition, 
participants received an information leaflet describing their personal protein requirements 
(1.2 g/kg body weight) and a so-called protein-meter which they could use to register 
their own protein intake on a daily basis to get insight in whether requirements were met. 
The dishes from FfC were prepared, packed for refrigerator storage and delivered to the 
participants two times per week. The menu consisted of a 4-week rotating seasonal menu. 
Since breakfast and drinks were not included in the intervention, advices about protein-rich 
choices were added to the leaflet. Furthermore, participants were free to eat and drink in 
addition to the received meals. Participants allocated to the control group received usual care 
and sustained their own, usual diet. These participants did not receive any nutritional advice 
except in case of dietary counselling by a dietitian as part of usual care. In case individual 
dietary counselling was required, dietitians were notified about the study participation.
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Figure 1. Photo of 1 day of home-delivered meals that the patients in the FoodforCare group received
Measurements
Participants in both groups were visited at their home twice during the study period by trained 
nutritionists or dieticians to collect data. The first visit was conducted three weeks prior to 
surgery and three weeks later the second visit took place (before surgery). In addition, 30 
days after surgery follow-up data were collected from the electronic medical records of the 
participants (Figure 2).
Figure 2. Flowchart of study design of a RCT on the effect of a home-delivered protein-rich meal service 
prior to surgery
Primary outcome
The difference in mean percentage of protein intake relative to requirements after three 
weeks (T2) between the groups was defined as the primary outcome. This way of describing 
protein intake gives an accurate representation because it can be easily compared to the 
guidelines in which recommendations for protein requirements are expressed 15. At baseline 
(T1) and after three weeks (T2), participants were asked to fill in a 3-day food diary on two 
week days and one weekend day prior to the home visit. During this visit the food diary was 
cross-checked for completeness and additional information was obtained about unclear items 
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or amounts by a trained nutritionist or dietician. Protein intake was calculated according to 
the Dutch Food Composition Table (NEVO, RIVM) using the software Madows (Pinkroccade 
Healthcare, Apeldoorn). The mean protein intake per day from the 3-day food diary was used 
for analysis.
Protein requirements were calculated for each patient. A minimum of 1.2 g protein per 
kilogram corrected bodyweight (g/kg BW) per day was set as minimum requirement for all 
patients, since an intake of 1.2–1.5 g/kg BW is considered optimal for chronically ill patients 16. 
To calculate protein requirements, body weight of patients with a BMI (calculated as weight 
in kilograms divided by height in meters squared) ≥ 30 was corrected to a body weight that 
corresponds with a BMI = 27.5 to avoid overconsumption. The body weight of patients with 
a BMI <20, was corrected to a body weight-fitting BMI of 20 to avoid under consumption 17. 
For patients with a BMI 20-30, the actual body weight was used.
Secondary outcomes
Nutritional outcomes
Energy intake relative to requirements
Data on mean energy intake at T1 and T2 were collected the same way as protein intake. 
Energy requirements (kcal) were calculated using the WHO formula and multiplied by 1.3 for 
illness and physical activity 18. 
Nutritional status
Changes in nutritional status were measured using the Patient-Generated Subjective Global 
Assessment (PG-SGA) at T1 and T2. The PG-SGA is a validated instrument to assess and 
monitor nutritional status, consisting both patient-reported (PG-SGA SF) and professional 
(PG-SGA pro) reported items, with a total score ranging from 0 (not malnourished) to 52 
(severely malnourished) 19. The PG-SGA pro was completed by nutritionists and dietitians 
who received training on how to assess the different items. 
Physical functioning
Hand grip strength
Hand grip strength was measured at T1 and T2 using a hand dynamometer (Lafayette 
Instrument Company) to evaluate muscle strength. Participants were encouraged during the 
measurement to squeeze as hard as possible while sitting in an upward position and the 
arm in a 90-degree angle. Two consecutive measurements were taken with alternating both 
hands to make sure each hand could rest between measurements. The highest score to the 
nearest 0.5 kg for the dominant hand was used for analysis 20. 
SPPB
The physical performance of the participants was assessed at T1 and T2 using the Short 
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Physical Performance Battery (SPPB). This is a validated test and comprises three components: 
balance, gait speed and chair-stand time to measure physical performance 21. The scores of 
these three tests were summed up into a total score between 0 and 12. The higher the score, 
the better the physical performance. 
Patient reported outcomes
Quality of life
The 36-Item Short Form Health Survey (SF-36) was completed by the participants at T1 and T2 
to assess quality of life and contains 36 questions about physical and psychological aspects 22. 
Patient satisfaction
Both groups completed a questionnaire on their wellbeing and stress level regarding 
shopping and cooking of their meals at T2. In the intervention group, the validated Net 
Promoter Score (NPS) with additional questions was used to assess patient satisfaction in the 
intervention group 23. Patients in the intervention group received an additional questionnaire 
on satisfaction with respect to the meals and logistics of FfC. Both questionnaires are self-
composed and based on English satisfaction questionnaires because there is no Dutch validated 
questionnaire available about a home-delivered meal service 24,25. One of these satisfaction 
questionnaires was validated to assess patient satisfaction with hospital meal services 
and another was developed to assess satisfaction of home-delivered meal recipients 24,25. 
Clinical outcomes
The following outcomes were reported from the medical records of the participants 30 days 
after surgery (T3):
1. Length of hospital stay (LOS) which was recorded as the number of days (beginning the 
day of admission until day of discharge) that patients spend in the hospital, reported in 
patients’ medical records.
2. Postoperative complications (yes/no). A complication was defined in line with the Dutch 
Healthcare Inspection as an unintended and undesirable event or condition during or 
following medical specialist intervention, which is so harmful to the health of the patient 
that change in medical treatment is necessary or that there is irreversible damage 26. 
Complications were obtained from the discharge letter in patients’ medical records.
Sample size
A sample size of 48 patients was required in each group to detect a difference of 18.7% 
in protein intake relative to requirements at T2 (based on data of a previous study) 13. For 
this calculation an SD of 33 was used, a power of 80%, an alpha of 0.05, and two-tailed 
tests were performed. Furthermore, this number was multiplied by (1-(ρ²)) because analysis 
of covariance (ANCOVA) was used in our analyses 27. Based on an estimated dropout rate of 
20%, a total of 122 patients had to be recruited for the study. 
PREOPERATIVE HOME-DELIVERED PROTEIN-RICH MEAL SERVICE TO IMPROVE PROTEIN INTAKE  | 101
66
Statistical analysis
Baseline characteristics of participants were described by mean ± standard deviation (SD) 
in case of normally distributed continuous data, median and interquartile range (IQR) if not 
normally distributed or frequencies and percentages in case of dichotomous or ordinal data. 
Changes in protein intake relative to requirements were compared between groups with 
analysis of covariance (ANCOVA), using the baseline values as covariate and group as fixed 
factor. The same ANCOVA analysis was performed to assess the difference between groups 
in energy intake relative to requirements, handgrip strength, SPPB, nutritional status and 
quality of life. Patient satisfaction was analyzed with Chi-Square tests for multiple choice 
questions and independent samples t-tests for grade questions ranging from 0-10. LOS was a 
continuous variable and linear regression was used to assess the difference in LOS between 
the groups. Since LOS was skewed to the right, a log transformation was performed. Logistic 
regression was performed for the difference in number of complications between the groups. 
All data were analyzed by means of the software package SPSS (version 25, SPSS Inc. Chicago, 
II, USA). Statistical significance was set at p<0.05.
RESULTS
Patient characteristics
A total of 304 patients were eligible, 121 declined to participate and 126 were included in 
this study. With a dropout of 24 patients (19%), data of baseline and T2 were complete for 
102 patients (Figure 3). Table 1 depicts the characteristics of the randomized 102 patients. 
Overall, characteristics were comparable between the groups. 
Primary outcome
Baseline protein intake relative to requirements was comparable between the groups 
(mean%±SD; FfC: 77±21 vs. UC: 80±25; p=0.561). At T2, protein intake relative to requirements 
was 93% in the intervention group compared to 77% in the control group (17%; 95% CI: 
9-25) (table 2). Protein requirements were met in 12% of the patients at baseline and 14% 
at T2 in the control group compared to 15% and 35% in the intervention group respectively 
(p=0.021 at T2 between groups). Subsequently, protein intake relative to requirements per 
MUST score was investigated. The proportion of patients that met their requirements was 
highest in patients with a MUST score ≥ 1 (table 3). 
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Figure 3. Trial flowchart of a RCT on the effects of a home-delivered protein-rich meal service prior to 
surgery
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Table 1. Baseline characteristics of patients included in a randomized controlled trial on the effects of a 
home-delivered protein-rich meal service prior to surgery





Gender, n (%) Male 29 (58.0) 22 (42.3) 0.165
Age, mean ± SD, y 62.3±12.7 63.3±12.0 0.681
BMI, mean ± SD 26.6±4.2 27.6±5.6 0.300
MUST, n (%) 0 41 (82.0) 44 (84.6) 0.794
1 7 (14.0) 5 (9.6) 0.551
≥2 2 (4.0) 3 (5.8) 1.000
Nutritional advice by dietitian, n(%) Yes 4 (8.0) 6 (11.5) 0.714
ASA score, n(%) 0 7 (14.0) 5 (9.6) 0.551
1 29 (58.0) 29 (55.8) 0.844
2 13 (26.0) 16 (30.8) 0.664
3 1 (2.0) 2 (3.8) 1.000
Oncological disease, n (%) 12 (24.0) 12 (23.1) 1.000
Department, n (%) General Surgery 15 (30.0) 16 (30.8) 1.000
Orthopedics 11 (22.0) 11 (21.2) 1.000
Urology and gynecology 24 (48.0) 25 (48.0) 1.000
Comorbidity, n (%) Yes (≥1) 21 (42.0) 21 (40.4) 0.842
Diabetes Mellitus 6 (12.0) 6 (11.5) 1.000
Cardiovascular 11 (22.0) 13 (25.0) 0.817
Other 11 (22.0) 9 (17.3) 0.622
BMI was calculated as weight in kilograms divided by height in meters squared. MUST ≥ 2, high risk of malnutrition; 
ASA, American Society of Anesthesiologists; BMI, Body Mass Index; IQR, Interquartile Range; MUST, Malnutrition 
Universal Screening Tool.
Table 2. ANCOVA analyses to assess the difference in primary and secondary outcomes between usual 
care and FoodforCare
Usual care FoodforCare Unadjusted Adjusted a
Baseline 3 weeks Baseline 3 weeks
Protein intake relative to 
requirements (%)
80 ± 25 78 ± 26 77 ± 21 93 ± 24 17 (9-25) * 17 (9-25) *
Energy intake relative to 
requirements (%)
85 ± 24 87 ± 25 83 ± 23 106 ± 21 20 (13-27) * 20 (13-27) *
PG-SGA (total) 3.3 ± 3.4 2.4 ± 2.9 3.0 ± 3.2 3.1 ± 2.7 0.8 (-0.1-1.7) 0.7 (-0.3-1.6)
Hand grip strength
(kg)
35.4 ± 16.4 36.9 ± 16.2 31.6 ± 11.6 34.3 ± 12.3 0.2 (-2.5-3.0) 0.6 (-2.1-3.3)
SPPB (total) 10.8 ± 1.7 11.1 ± 1.5 10.4 ± 2.0 10. 8± 1.7 0.03 (-0.3-0.4) -0.01 (-0.4-0.4)
Data are presented as mean ± SD.
ANCOVA, Analysis of Covariance; PG-SGA, Patient-Generated Subjective Global Assessment; SPPB, Short Physical 
Performance Battery.
a Adjusted for gender.
*Statistically significant between the groups (p<0.05).
Table 3. Percentage of participants that met their protein requirements for the risk groups of 
malnutrition according to the MUST score
Met 100% protein requirements n (%) Usual care FoodforCare
Baseline 3 weeks Baseline 3 weeks
Total 6 (12) 7 (14)* 8 (15) 18 (35)*
MUST = 0 (n=85) 3 (7) 3 (7)* 5 (11) 12 (27)*
MUST ≥ 1 (n=17) 3 (33) 3 (38) 4 (44) 6 (75)
MUST, Malnutrition Universal Screening Tool.






Baseline energy intake relative to requirements was comparable between the groups 
(mean%±SD; FfC: 83±23 vs. UC: 85±24; p=0.638). At T2, energy intake relative to requirements 
was 106% in the intervention group compared to 87% in the control group (20%; 95% CI: 13-
27). (table 2). Energy requirements were met in 24% at baseline and 36% at T2 in the control 
group compared to 21% at baseline and 64% at T2 in the intervention group (p=0.010 at T2).
Nutritional status
Baseline PG-SGA scores were comparable between the groups (mean%±SD; FfC: 3.0±3.2 vs. 
UC: 3.3±3.4; p=0.667) (table 2). No significant difference was observed between the groups 




Baseline hand grip strength was comparable between the groups (mean±SD; FfC: 31.6±11.6 
vs. UC: 35.4±16.4; p=0.185) (table 2). No significant difference was observed between the 
groups in hand grip strength at T2 after correcting for baseline values and gender (0.6; 95% 
CI:-2.1-3.3).
SPPB
Baseline SPPB was comparable between the groups (mean±SD; FfC: 10.4±2.0 vs. UC: 
10.8±1.7; p=0.264) (table 2). No significant difference was observed between the groups in 
SPPB at T2 after controlling for baseline values and gender (-0.01; 95% CI:-0.4-0.4).
Patient reported outcomes
Quality of life
No differences were found between the groups in the different subscales of the SF36 quality 
of life questionnaire at any time during the trial (supplementary table 1).
Patient satisfaction
The questionnaire about patient satisfaction was completed by 98 patients, of which 
48/50 (96%) patients in the UC group and 50/52 (96%) patients in the intervention group. 
Overall, the mean rating of the meals was 8.1±1.3 in the intervention group compared to 
7.8±1.4 in the UC group (p=0.442). Differences between groups were found on stress levels 
experienced with preparing the meals and presentation of meals. Patients in the intervention 
group experienced significantly less stress with preparing the meals than patients in the 
control group (FfC: 0.5±1.5 vs. UC: 1.3±2.2; 95% CI: 0.002-1.556). Furthermore, patients in 
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the intervention group were more satisfied with the presentation of the meals than patients 
in the intervention group (p=0.014). The mean Net Promotor Score (NPS) was 8.2±1.5 and 
43% gave a score higher than 8 meaning that these patients were considered as promotors 
of FfC (Figure 4). 
Figure 4. Classification of the Net Promotor Score (0-10) in the percentage of promoters, neutrals and 
detractors by the patients in the FoodforCare group
Clinical outcomes
Length of stay 
The median length of stay was 3.00 [2-5] days in the control group compared to 2.00 [2-
6] days in the intervention group. Table 4 shows that there is no significant difference in 
length of stay between groups using the univariate model (0.98; 95% CI: 0.68-1.41) or after 
adjusting for gender (0.93; 95% CI: 0.65-1.33).
Post-operative complications
In the control group, 10/50 patients (20.4%) developed complications compared to 9/52 
patients (19.1%) in the intervention group. Table 5 shows that there was no significant 
difference in post-operative complications between groups using the univariate model (OR 
0.92; 95% CI: 0.34-2.52) and after adjusting for gender (OR 0.83; 95% CI: 0.30-2.33).
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Table 4. Linear regression analysis to assess the difference in length of hospital stay (LOS) between usual 
care and FoodforCare
β 95% CI
         Lower                Upper
Univariate model (N=96) 0.98 0.68 1.41
Multivariate model a (N=96) 0.93 0.65 1.33
CI, Confidence Interval.
a Adjusted for gender.
Table 5. Logistic regression analysis to assess the difference in post-operative complications between 
usual care and FoodforCare
Odds ratio (OR) 95% CI for OR
         Lower                Upper
Univariate model (N=96) 0.92 0.34 2.52
Multivariate model a (N=96) 0.83 0.30 2.33
CI, Confidence Interval.
a Adjusted for gender.
DISCUSSION
Primary outcome
This study shows that a service that delivers protein-rich meals at home in the preoperative 
setting improved protein intake relative to requirements by 16% within 3 weeks prior to 
surgery compared to usual care in surgical patients. Furthermore, this approach resulted in a 
higher energy intake (19%) relative to requirements as compared to usual care. 
These findings are in line with the previous publication in which FfC improved protein 
intake relative to requirements by 20% at day 1 of full oral intake compared to a traditional 
meal service in hospitalized patients 13. Furthermore, 24% of FfC patients met their protein 
requirements of 1.2g/kg after 1 day of FfC compared to 35% of our patients after 3 weeks of 
FfC. There are three other studies in which a home delivered meal service was implemented 
from a hospital setting to the home setting 28-30. Leedo et al. performed a RCT in 40 cancer 
patients receiving chemotherapy but did not find significant differences on dietary intake 
after 12 weeks of energy- and protein-rich meals compared to the control group 29. The other 
two studies were feasibility trials in elderly patients who received home-delivered meals for 
10 days (regular meals) and 12 weeks (enriched meals) after hospital discharge compared to 
usual care 28,30. Only the study over 10 days recorded energy intake which was significantly 
higher in the intervention group compared to the control group 28. The inconsistency in 
results in these three studies is probably due to the small sample sizes. The home-delivered 
meal service in this RCT was able to significantly improve protein and energy intake in a 
relatively large group of surgical patients.
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Few studies describe the effect of a nutritional intervention in the preoperative setting by 
means of regular food products and nutritional counselling. A recent review of six studies 
showed that nutritional counselling to meet requirements using regular diets and Oral 
Nutritional Supplements (ONS), if needed, compared to less extensive nutritional advice 
in the preoperative setting (2-18 weeks) improves energy and protein intake of mostly 
oncological patients 11. Also, nutritional counselling resulted in the same increase in dietary 
intake as when counselling was combined with ONS 11. This strengthens our hypothesis that 
the combination of nutritional counselling and the use of regular protein-rich meals and 
snacks can replace ONS.
Secondary outcomes
No significant effect of the protein-rich meal service at home was found on nutritional 
status, hand grip strength, SPPB, quality of life, complications or length of stay which is 
in line with studies on home delivered meal services 31. It is suggested that combining a 
nutritional intervention (energy-, protein-, and/or carbohydrate supplements) with exercise 
(resistance and aerobic) could be effective to improve physical and clinical outcomes 
but sufficient evidence is lacking 32,33. A recent review on patients with colorectal cancer 
concluded that such prehabilitation programs have not shown a significant reduction of 
complications or hospital length of stay 32. Overall, the majority of these studies lacks power 
and noncompliance to the interventions might play a role. However, two small studies on the 
impact of a multimodal program with aerobic and resistance training, protein supplements 
and psychological guidance 4 weeks before colorectal surgery found a significant impact 
on functional capacity but not on complications and length of stay 9,10. In addition, current 
studies are mostly performed in abdominal surgery which cannot be translated to our 
heterogenous study population. Therefore, the impact of prehabilition on clinical outcomes 
is not established yet, although results of a multimodal approach are promising 9,10.
Patient satisfaction was similar in both groups but patients in the intervention group 
experienced significantly less stress with preparing the meals and were more satisfied 
with the presentation of the meals than patients in the control group. These results should 
be interpreted with caution as it was measured using a non-validated questionnaire. 
Nevertheless, it is remarkable that the control group appreciated their own meals similar 
as the intervention group appreciated the FfC meals since patients tend to have a negative 
attitude towards hospital meal services 34. This is partly due to the poor expectations of 
patients with regard to the acceptability and quality of the food 34,35. The fact that the FfC 
meals were consumed at home instead of in the hospital might contribute to the positive 
ratings due to environmental factors that appear to play a role in patient satisfaction 36. 
This provides evidence that patient satisfaction with FfC is maintained in a short period of 
time during hospital stay as well as on the long-term in the out-of-hospital setting indicating 
that the intervention is easy to sustain. This is an important finding considering that ONS is 
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often used as an intervention to increase protein intake but a challenge when it comes to 
compliance and acceptability. Compliance is dependent of the volume, density and variety 
in taste especially because long-term use of ONS can result in taste fatigue 37. The adherence 
and satisfaction with the meals in our study may be the result of the portion size and variety 
in meals besides the presentation and easy preparation. 
Strengths and limitations
A strength of this study is that this is the first, large, RCT in which a protein-rich meal 
service in the preoperative setting was investigated. This contributes to the need for high 
quality studies to improve nutritional care at home considering hospital length of stay is 
getting shorter 38. A weakness of the study is that patients were included regardless of their 
nutritional status. Previous studies showing that clinical outcomes improve after preoperative 
enteral or parenteral nutrition were performed in malnourished patients 39-41. This could 
be an explanation for the lack of beneficial effects on physical and clinical outcomes in our 
population. However, also patients who are not at risk for malnutrition tend to lose some 
weight or can experience nutritional problems before surgery that can be solved without 
the provision of medical nutrition. Furthermore, all surgical patients have increased protein 
requirements because of their disease 15,42. Therefore, all patients could benefit from an 
optimal preparation before surgery. Moreover, only 7% of UC patients and FfC patients 
with a MUST score of 0 met their protein requirement at baseline compared to 33% and 
44%, respectively, of patients with a MUST score of 1 or higher. Consequently, 11% of UC 
patients and 27% of FfC patients with a MUST score of 0 met their protein requirement at 
T2 compared to 38% and 75%, respectively, of patients with a MUST score of 1 or higher 
(table 3). This suggests that also in well-nourished patients much can be gained in the pursuit 
of meeting 100% of protein requirements. Another weakness is the intervention period of 
3 weeks which might be too short to cause an effect on functional and clinical outcomes. 
However, it seems that expanding the service to a multimodal approach might be more 
effective than extending the intervention period since beneficial effects were reported after 
4 weeks 9,10. Besides, there are restrictions to extending the period before surgery because of 
guidelines on the maximum timeframe between diagnosis and surgery. Also, a larger sample 
size might be required since the sample size calculation was based on the primary outcome.
Future perspectives
Since this study established that such a home-delivered protein-rich meal service is feasible 
in the preoperative setting, the next step is to combine a home delivery service with an 
exercise intervention and/or psychological support aimed at the impact on mortality, length 
of stay and complications. This requires a multidisciplinary collaboration between dieticians, 
physiotherapists, surgeons and psychologists in order to be successful. Furthermore, 
hospitals are recommended to support this shift to out-of-hospital care and to prioritize an 
optimal preparation for surgery as an integral part of healthcare.
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CONCLUSIONS
In conclusion, the home-delivered protein-rich meal service was successfully implemented 
in the preoperative setting and improved protein and energy intake relative to requirements 
within 3 weeks while patient satisfaction was maintained. No effects of the intervention 
were detected on nutritional status, hand grip strength, SPPB, quality of life, complications 
and length of stay. The preoperative period serves as a window of opportunity to prepare 
patients before hospitalization. Therefore, future research should focus on this intervention 
as part of a multimodal approach to enhance the recovery of surgical patients. 
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High frequency protein-rich meal service to 
promote protein distribution to stimulate muscle 




Manon van den Berg




Apart from meeting daily protein requirements, an even distribution of protein consumption 
is proposed instrumental to optimize protein muscle synthesis and preserve muscle mass. 
We assessed whether a high frequency protein-rich meal service for three weeks contributes 
to an even daily protein distribution and a higher muscle function in pre-operative patients.
Methods
This study was a post-hoc analysis of a RCT in 102 patients. The intervention comprised six 
protein-rich dishes per day. Daily protein distribution was evaluated by a three-day food diary 
and muscle function by handgrip strength before and after the intervention.
Results
Protein intake was significantly higher in the intervention group at the in-between meals in 
the morning (7±2 grams vs. 2±3 grams, p<0.05) and afternoon (8±3 grams vs. 2±3 grams, 
p<0.05).Participants who consumed 20 grams protein for at least two meals had a significantly 
higher handgrip strength compared to participants who did not.
Conclusions
A high frequency protein-rich meal service is an effective strategy to optimize an even 
protein distribution across meals throughout the day. Home-delivered meal services can be 
optimized by offering more protein-rich options such as dairy or protein supplementation at 




During hospitalization, muscle mass may decrease due to physical inactivity, underlying 
disease and/or malnutrition 1-3. Low muscle mass has negative clinical implications for patients 
since it is associated with prolonged hospital stay, readmissions and higher mortality 4. 
Protein stimulates muscle protein synthesis and thus, increasing protein intake holds promise 
as a strategy to beneficially modulate loss of muscle mass 2, 5, 6. Because of the higher protein 
requirements for hospitalized patients a protein intake of 1.2-1.5 g/kg/day is recommended 
while maintaining energy balance 7. Also, an even protein distribution across daily meals 
stimulates muscle protein synthesis more than a skewed protein intake towards one meal 
8. Muscle protein synthesis can be maximally stimulated by a distribution of 25-30 grams of 
normal quality protein or 20 grams of high quality protein per meal, three to four times per 
day 6, 9-12. High quality proteins/amino acids such as whey and leucine seem to have a higher 
anabolic response due to a high digestibility and essential amino acid content 13. 
It is suggested that consuming at least one high-protein meal per day stimulates muscle 
protein synthesis among healthy adults with a protein intake of 0.8-1.3 g/kg/day 14. In 
addition, achieving the threshold of 20 grams at least twice a day might be beneficial for 
groups at high-risk of developing malnutrition, such as elderly or (chronically) ill patients 15, 16. 
Loss of muscle mass is especially seen in these groups due to sarcopenia, reduced food 
intake and a blunted anabolic response to protein ingestion 6, 11, 17. Most literature on this 
topic, however, focused on frail elderly and evidence in the hospital setting is lacking 11, 15, 16, 18. 
The clinical patient population largely comprises vulnerable patients, underpinning the 
importance of adequate protein supplementation. Meeting protein requirements and 
distributing proteins evenly across meals might be crucial in order to preserve muscle mass 
and maintain functionality 6, 11. 
Recent literature shows that implementation of a high frequency hospital meal service 
substantially improves protein and energy intake in hospitalized patients within a short 
period of hospital stay 19. Moreover, protein intake was improved at all meal times compared 
to a traditional three meals a day service but the minimal threshold of 20 grams was only 
achieved at dinner 20. Following the rising trend of out-of-hospital care, this high frequency 
protein-rich meal service was implemented at home for patients awaiting surgery resulting in 
a higher protein intake and a higher percentage of patients achieving their individual protein 
requirements (35 vs. 14%) 21. Extending this high frequency hospital meal service to an out-
of-hospital setting and thus prolonging the exposure period to adequate protein intake at 
home might be beneficial for the recovery after surgery. At this point it remains unclear 
whether such a high frequency protein-rich meal service in the home setting contributes to 
an even distribution of protein intake during the day. 
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Therefore, a post-hoc analysis was performed on our previously collected data to assess 
whether offering a high frequency protein-rich meal service in the home setting for three 
weeks contributes to a more evenly protein distribution of meals over the day compared to 
usual care in pre-operative patients. The difference in handgrip strength as an indicator of 
muscle function was also assessed between participants who achieved the minimal threshold 
of 20 grams proteins for at least two meals a day with participants who achieved this for less 
than two meals.
METHODS
Study population and design
This was a post-hoc analysis of a randomized controlled trial (RCT), which was conducted 
at two hospitals in the Netherlands (ClinicalTrials.gov NCT03488511) 21. The Medical Ethics 
Committee of the Radboudumc indicated that no formal approval was required for this study 
(2016-3043) (clinicaltrials.gov: NCT03488511). Participants were randomized in the usual 
care (UC) or intervention group by using block randomization, stratified for type of surgery 
and malnutrition risk using the Malnutrition Universal Screening Tool (MUST). Participants 
either received the high frequency protein-rich meal service in the pre-operative setting for 
three weeks, or continued their habitual nutritional intake. Participants in both groups were 
visited at their home before and after these three weeks by trained nutritionists or dieticians 
to perform measurements.
The study population comprised Dutch-speaking pre-operative patients at the department 
of general surgery, orthopedics, gynecology or urology of Radboudumc and Maasziekenhuis 
Pantein. All participants were aged 18 years or older and lived within a 40 km radius of the 
Radboudumc or Veghel, the Netherlands. Patients were excluded from participation when 
they were on enteral or parenteral feeding, or when they suffered from renal insufficiency 
(MDRD-GFR < 60ml/min and/or proteinuria). All participants gave written informed consent 
before participation.
Nutritional intervention
Participants received the high frequency protein-rich meal service at home in the pre-
operative setting for three weeks. This meal service consisted of six small, protein-rich dishes 
per day, including a morning snack (shakes: 5-10g protein), lunch (salads and soups: 7-25g 
protein), afternoon snack (5-19g protein), dinner (hot meal and dessert: 16-39g protein) 
developed by Radboudumc and a caterer (supplementary table 1) 21. Breakfast was not 
included, but participants received an information leaflet with protein-rich options for 
breakfast. Participants were not restricted to the FoodforCare meals only but were allowed to 
consume their own food products as well and received their individual protein requirements 
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per day, information about how to meet these requirements and a tool to measure their 
daily protein intake relative to requirements. Participants randomized to the UC group were 
asked to continue their habitual diet and did not receive information leaflets. None of the 
participants were informed about the importance of achieving 20 grams protein for at least 
two meals a day.
Primary outcome
The distribution of protein intake over the day was evaluated based on a three-day food diary 
that was filled in by the participants both before and after the intervention period 22. Type and 
amount of food and timing of intake were reported. During study visits, the food diaries were 
cross-checked by nutritionists. For each meal occasion (breakfast, during the morning, lunch, 
during the afternoon, dinner and during the evening), the amount of protein and kilocalories 
(kcal) consumed were calculated according to the Dutch Food Composition Table (NEVO, 
RIVM) with the software program Madows (PinkRoccade Healthcare, the Netherlands). The 
mean protein intake per meal occasion from the 3-day food diary was used for analysis. Total 
protein intake was expressed as the percentage of total grams of protein consumed per day 
relative to individual protein requirements with 1.2-g protein per kilogram of corrected body 
weight (g/kg BW) per day as the minimum requirement. To calculate protein requirements, 
body weight of patients with a BMI (calculated as weight in kilograms divided by height in 
meters squared) ≥ 30 was corrected to a body weight that corresponds with a BMI = 27.5 to 
avoid overconsumption. The body weight of patients with a BMI <20, was corrected to a body 
weight-fitting BMI of 20 to avoid under consumption 23. For patients with a BMI 20-30, the 
actual body weight was used. Total energy intake was expressed as the percentage of total 
kcal consumed per day relative to individual energy requirements using the WHO (World 
Health Organization) formula multiplied by 1.3 for illness and physical activity.
Secondary outcome
Handgrip strength is a known indicator for decreased physical status and was therefore, used 
as a measurement of muscle function 24. Handgrip strength was measured with the Jamar 
handgrip dynamometer. Participants were asked to sit upright with their elbows at a 90° 
angle. Handgrip strength was measured two times at both hands. The maximum score at 
each hand was defined as the participant’s handgrip strength 24, 25. 
Statistical analysis
All continuous baseline characteristics were presented as mean ± SD or median and 
interquartile range (IQR). Ordinal data were presented as frequencies and percentages. 
The differences in protein per meal occasion between the intervention and UC group were 
analyzed using independent samples t-tests. An ANCOVA (Analysis of Covariance) analysis 
was performed to analyze the difference in handgrip strength between participants achieving 
the minimal threshold of 20 grams protein for at least two meals per day and participants 
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who achieved this threshold for one or less meals per day. Age, gender, BMI and baseline 
handgrip strength were included as covariates in the ANCOVA analysis. For all analyses, a 
two-sided p-value <0.05 was considered statistically significant. Data were analyzed using 
IBM SPSS Statistics V25.0.
RESULTS
Demographics
A total of 102 participants (intervention: n=52, UC: n=50) were included for analysis. Baseline 
characteristics are shown in Table 1. Overall, baseline characteristics were comparable 
between the two groups.
Table 1. Baseline characteristics of 102 surgical patients




Gender, n (%) Male 29 (58) 22 (42)
Age, years, mean ± SD1 62±13 63±12
BMI1, kg/m2, mean ± SD 1 27±4 28±6
MUST1, n (%) 0 41 (82) 44 (85)
1 7 (14) 5 (10)
≥2 2 (4) 3 (6)
Protein intake relative to requirements (%), mean ± 
SD1
80±25 77±21
Energy intake relative to requirements (%), mean ± 
SD1
85±24 83±23
Oncological disease, n (%) 12 (24) 12 (23)
Department, n (%) General Surgery 15 (30) 16 (31)
Orthopedics 11 (22) 11 (21)
Urology & Gynecology 24 (48) 25 (48)
Handgrip strength, mean ± SD1 35±16 32±12
1Abbreviations used: UC: Usual Care; SD: Standard Deviation; BMI: Body Mass Index; MUST: Malnutrition Universal 
Screening Tool.
Dietary intake
Figure 1 shows the difference in median protein intake in grams per meal occasion for 
both the intervention group and UC group after the three week intervention period. In 
the intervention group, protein intake was significantly higher at the in-between meals in 
the morning (7±2 grams vs. 2±3 grams, p<0.05) and afternoon (8±3 grams vs. 2±3 grams , 
p<0.05). The highest protein intake was achieved at the three main meals in both groups. In 
both groups, dinner was the only meal occasion in which the minimal threshold of 20 grams 
was achieved. Total energy intake relative to requirements after the intervention period 
was 106% ± 21 in the intervention group and 87% ± 25 in the UC group. The percentage of 
proteins consumed by the participants beside the meals of the intervention was 34%. 
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Figure 1. Difference in protein intake (mean ± SD) per meal occasion after the three week intervention 
period of the usual care and intervention group analyzed using independent samples t-tests
* Statistically significant between the groups, p<0.05. Horizontal line at 20 g represents the minimal threshold that is 
suggested to be beneficial for muscle protein synthesis.
A total of 34 out of the 102 participants (16 (31%) intervention group vs. 18 (36%) UC group) 
achieved the minimal threshold of 20 grams protein intake for at least two meals per day 
after the three-week intervention period (Table 2). These patients also had a significantly 
higher protein intake relative to requirements (96 ± 35% vs. 80 ± 20%, p=0.001) and energy 
intake relative to requirements (104 ± 26 vs. 93 ± 24 %, p=0.044).
Handgrip strength 
Participants who achieved the threshold for at least two meal occasions had significantly 
higher handgrip strength than participants who achieved this threshold for less than two 
meal occasions after correcting for age, gender, BMI and baseline handgrip strength (44 ± 15 
vs. 31 ± 12 kg, p=0.029).
Table 2. ANCOVA analysis for the difference in handgrip strength between participants who achieved 
the threshold of 20 gram at ≥2 meal occasions compared to <2 meal occasions
<2 meal occasions 
threshold of 20 gram1
≥2 meal occasions 
threshold of 20 gram1
p-value
Handgrip strength (kg) 31 ± 12 44 ± 15 0.029
Protein intake relative to requirements (%) 80 ± 20 96 ± 35 0.001
Energy intake relative to requirements (%) 93 ± 24 104 ± 26 0.044
1 For handgrip strength: <2 meal occasions n= 67, ≥2 meal occasions n = 33 (intervention group n=16 vs. UC group 
n=18).
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DISCUSSION
This post-hoc analysis shows that a high frequency protein-rich meal service significantly 
improves protein intake at the in-between meals in the morning and afternoon compared to 
usual care. The minimal threshold of 20 grams protein was only achieved at dinner in both 
groups 9, 10. Besides, participants who achieved the minimal threshold of 20 grams for at least 
two meals had a significantly higher muscle strength compared to participants who achieved 
this threshold for less than two meal occasions.
Consistent with our previous publication in hospitalized patients, protein intake remains 
the highest at the main meals in both groups after the three week intervention period 20. 
Protein intake at the main meals was comparable between the groups but was higher in the 
intervention group at the in-between meals. This is an interesting finding since it is well-
known that protein has a higher satiating effect than other macronutrients, which might 
lead to a reduction in overall food intake during the day 26-28. Furthermore, it is suggested 
that consumption of protein-enriched products is compensated by choosing low-protein 
products for the rest of the day 27. Therefore, our findings imply that distributing protein in 
smaller protein rich meals during the day results in a higher overall daily protein and energy 
intake without compensating by consuming less proteins at the main meals. 
Multiple studies describe an improvement in overall protein intake upon implementation 
of a meal service in older adults but there is a lack of literature on the effect on protein 
distribution over the day 29-34. However, several studies in institutionalized elderly show 
that an even distribution of proteins across three meals is more effective in increasing daily 
protein intake than a pulse distribution (majority of proteins in one meal) 18, 35, 36. In that vein, 
there still seems room for improvement since the threshold of 20 grams of proteins was only 
achieved at dinner (27 grams) compared to 13 grams at breakfast and 16 grams at lunch. 
Other studies also report that breakfast is the main meal that contains the lowest amount 
of protein in the elderly 37, 38. Drinks for the main meals and breakfast were not included in 
our intervention but participants received an information leaflet with protein-rich options. 
Therefore, extending the service with more protein-rich options, such as dairy or protein 
supplementation, at breakfast and also lunch might improve the protein distribution 39. 
Another strategy could be to optimize the protein provision in the evening. Multiple studies 
show that providing a dose of casein protein (20-40 grams) prior to sleep stimulates muscle 
protein synthesis overnight 40, 41. Also, resistance-type exercise before this dose seems to 
further increase this beneficial effect of protein supplementation prior to sleep 42, 43. 
Our findings also indicate that achieving the threshold of 20 grams for at least two meals a day 
is associated with higher handgrip strength as a surrogate marker for muscle function. These 
patients also achieved a higher daily protein intake relative to requirements which suggests 
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that a more evenly protein distribution not only results in a higher daily protein intake but also 
in higher handgrip strength. This finding is consistent with a review concluding that adequate 
total protein intake is of great importance to promote muscle health and promoting an 
optimal protein distribution is a practical method to achieve this 14. Also, two cohort studies 
show that free-living elderly with an even protein distribution (at least 20 grams at the main 
meals) had higher lean mass and muscle strength compared to a skewed protein distribution 
36, 44. These findings underpin the hypothesis that consuming at least one high-protein meal 
per day may support muscle function. It should be noted that handgrip strength was used 
as a surrogate marker for muscle function. Future research should include other measures 
of muscle function in addition to handgrip strength to confirm these findings. Furthermore, 
we expressed protein distribution in grams per meal occasion but there are other ways to 
show this variable such as, protein intake in grams/kg body weight or the percentage of 
protein per main meal relative to the total protein intake. There is no consensus on how 
protein distribution should be analyzed while this would ease the comparison between 
studies 45. Jespersen & Agergaard suggest to include body composition when protein intake is 
determined per meal. We added BMI to the ANCOVA model to correct for body composition. 
For future studies we recommend to assess fat free mass or muscle mass and either express 
protein intake as g/kg muscle mass per meal or add this as a covariate in the analysis.
A strength of our study is that our participants were not obliged to consume only the dishes 
from the high frequency protein-rich meal service but were free to consume other food 
products as well. Therefore, implementing this meal service into their diet was relatively 
easy for the participants. Besides focusing on protein intake, we also took energy intake 
into account as it is known that malnourished patients should also have an adequate energy 
intake to avoid protein catabolism 7, 46. On the other hand, a limitation is that we did not 
perform a power calculation for this study since this was a post-hoc analysis. However, power 
calculations in the original study were based on total protein intake which makes it likely that 
power calculations based on protein distribution are similar. Another limitation is that we 
did not advise participants in the intervention group to strive for an intake of 20 grams of 
protein for at least two meals per day. It is likely that the number of participants achieving 
this threshold would be higher when this was part of the advice. 
CONCLUSIONS
In conclusion, a high frequency protein-rich meal service is an effective strategy to promote 
an even distribution of protein across meals throughout the day. This even distribution 
contributes to meeting total protein and energy requirements per day and achieving the 
threshold of 20 grams for at least two meals is associated with a higher muscle function 
in pre-operative patients. Home-delivered (high frequency) meal services can be further 
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optimized by offering more protein-rich options such as dairy or protein supplementation at 
breakfast, lunch and prior to sleep.
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SUPPLEMENTARY DATA
Supplementary table 1. Example of a menu of the day of the intervention
Meal occasion Meal Energy (kcal) Protein (g)







Afternoon snack Burger with brie and fig chutney 248 7.2
Dinner Tagliatelle with chicken and pesto 529 23.1
Dessert Peach curd with granola 158 7.7
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The studies described in the present thesis all aim to support and optimize peri-hospital 
patient care. In this vein, we focused on the diagnosis of malnutrition and the association of 
adequate protein intake with clinical outcomes in the hospital setting. Also, we developed a 
home-delivered protein-rich meal service as a strategy to treat and prevent malnutrition in the 
out-of-hospital setting. This general discussion addresses and reflects on our main findings and 
their implications and identifies perspectives for future research. To guide this discussion, an 
overview of the aims and main findings of each study in this thesis is provided in table 2.
MAIN FINDINGS
In-hospital malnutrition
Diagnostic criteria are pivotal in order to diagnose patients with malnutrition in the 
hospital setting and can serve as an opportunity to evaluate nutritional status, determine 
malnutrition severity and decide on the type of nutritional intervention that is required. The 
Global Leadership Initiative on Malnutrition (GLIM) criteria may be a tool to achieve global 
consensus and enable comparison of results across studies. In Chapter 2, we found that of 
574 patients, 160 (28%) were classified as malnourished according to the GLIM criteria and 
172 (30.0%) according to PG-SGA. Agreement between the GLIM criteria and PG-SGA was 
low which questions the reliability of the GLIM criteria considering PG-SGA as a semi-gold 
standard. Also, this indicates that the two methods do not identify the same patients. This 
discrepancy might be due to several differences between the tools such as, the time frame of 
1 month for unintentional weight loss in PG-SGA and within or beyond 6 months in the GLIM 
criteria. Based on the GLIM criteria, malnourished patients had a more than two times higher 
one-year mortality compared to non-malnourished patients. No significant association was 
found between mortality and malnutrition based on PG-SGA indicating a better predictive 
value of the GLIM criteria. Reduced muscle mass was missing in 79% of the patients. The 
assessment of muscle mass using BIA was not always feasible in this clinical setting where 
patients often have an abnormal hydration status and fasting for at least 8 hours prior to 
the measurement is not expedient. However, reduced muscle mass is still considered an 
important marker of malnutrition because of its association with adverse clinical outcomes, 
including impaired survival and prolonged hospital stay 1. Moreover, the assessment of 
muscle mass is an important marker to recognize sarcopenia in clinical practice according to 
the European consensus, especially since sarcopenia, the age-related loss of muscle mass, 
is prevalent in up to 40% of older adults [2]. The findings from our study might contribute to 
the discussion on the feasibility of assessing FFMI. Of note, the GLIM criteria in their current 
form are considered as a starting point to diagnose malnutrition. In the coming years more 
validation studies should be performed to confirm and optimize these criteria 2.
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In Chapter 3, we found that protein intake relative to requirements at the first day of full oral 
intake is associated with complications during hospital admission and hospital length of stay 
in medical and surgical patients 3. Moreover, an increase of 10% in protein intake relative to 
requirements reduced the risk for complications and length of stay by 10% and 0.23 days, 
respectively. These findings are in line with other studies on the association between protein 
intake and clinical outcomes 4-6. Patients with higher protein intake in these studies had 
decreased length of stay or were less likely to experience complications. However, these 
studies were performed in patient after surgery or at the ICU which limits comparison with 
our group. Another important issue is the administration of protein in these studies which 
was in the form of (par)enteral nutrition or Oral Nutritional Supplements (ONS) compared 
to our regular products. Our study underscores the importance of providing an adequate 
protein intake for all hospitalized patients and the role a protein-rich hospital meal service 
can play during hospital admission to achieve this goal. Also, Dijxhoorn et al. showed that 
it is possible to achieve a high protein intake during the first days of admission 7. Our study 
showed that a protein-rich hospital meal service can already contribute to meeting protein 
requirements within the first days of admission and is associated with a reduction of LOS and 
complications. This finding promises opportunities, especially when it is considered that an 
average hospital stay lasts 4-5 days in the Netherlands 8, 9. 
Home-delivered meal services
Chapter 4 describes a systematic review on elements of home delivered meal services to 
improve protein and energy intake, nutritional status, functional outcomes and satisfaction 
in adults at risk of malnutrition as a new area of research 10. We noticed improved protein 
and energy intake especially in those studies with both relatively short (10-14 days) or 
longer intervention period (2-12 months). However, studies with a short intervention period 
provided participants with a higher number of meals per week (5-21 meals including protein-
enriched bread) compared to those with a long intervention period (2-7 hot meals per week). 
Another important finding is that none of the 19 studies that met the search criteria was 
rated as being of high methodological quality, mainly due to the heterogeneous methods 
that were used to evaluate nutritional status, functional outcomes and satisfaction which 
made any comparisons elusive. This finding highlights the importance of global consensus 
and availability of standardized methods on how to assess nutritional, muscle and functional 
status. Such a goal might possibly be partly achieved through the GLIM criteria and by using 
validated questionnaires or as an alternative, qualitative research. Also, our results show 
that the participants in the included studies were mostly elderly, essentially healthy, adults. 
Only four studies aimed at treating malnutrition in patients, and these were all published in 
the last three years, reflecting the trend of out-of-hospital interventions that is increasingly 
being recognized and also creates possibilities for both prehabilitation and rehabilitation 11-14. 




Following this trend, we assessed the feasibility of a randomized controlled trial on a home 
delivered meal service in advanced cancer patients undergoing chemotherapy, as compared 
to usual care in chapter 5. This pilot study showed that it is feasible to conduct such a study, 
although several issues should be kept in mind. Due to delayed recruitment, the inclusion 
criteria had to be expanded and additional recruitment centers were approached. While this 
improved inclusion rates, this resulted in a more heterogeneous population but also in a 
better external validity as this comes with improved generalizability. Delayed recruitment is 
common in RCTs and is highly dependent on the number of eligible patients, the recruiting 
personnel and the willingness of patients to participate 16-18. Also, additional challenges 
arise in oncological trials due to the intensive treatment and the influence of chemotherapy 
tolerance and tumor stage on drop-out rates. Overall, participants were satisfied with their 
participation and experienced a low burden. Qualitative interviews revealed that participants 
can struggle with filling out questionnaires and diaries and do not always appreciate their 
relevance. This indicates the importance of instructing participants how to use questionnaires 
and diaries and to explain the benefit it can bring the participants in the communication with 
their practitioners. 
In chapter 6, we showed that a home-delivered protein-rich meal service can be successfully 
implemented before surgery and improves protein and energy intake relative to requirements 
within 3 weeks while patient satisfaction was maintained 19. Furthermore, protein requirements 
were met in 12% of the patients at baseline and 14% after three weeks in the control group 
compared to 15% and 35% in the intervention group, respectively. These findings are an 
extension of the implementation of this same meal service in hospitalized patients when 
compared to a traditional meal service, which improved protein and energy intake relative 
to requirements 7. Other home-delivered meal service studies either found an improved 
energy intake or no effect on dietary intake, which could be due to the small sample sizes or 
different study designs 20-22. Other preoperative nutritional interventions including nutritional 
counselling and/or Oral Nutritional Supplements (ONS) in undernourished patients show 
similar results on nutritional intake compared to our findings 14, 23. However, the contribution 
of ONS seems to be limited compared to nutritional counselling which might indicate that the 
latter strategy combined with regular protein-rich meals might replace ONS. We did not find 
significant effects of the intervention on nutritional status, hand grip strength, SPPB, quality 
of life, complications and length of stay which is in line with our findings in chapter 4. This 
could be due to the relatively short intervention period or because a larger sample size might 
be required since the sample size calculation was based on protein intake. Also, it has been 
suggested that a multimodal approach combining a nutritional intervention with physical 
and psychological interventions might be more effective to modulate physical and clinical 
outcomes. This is a new area of research and although results are promising, more research 
is needed to draw conclusions on the impact of such approaches 24, 25. Another important 
finding of our study is that patient satisfaction was similar between groups, especially 
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considering that patients in the control group were able to freely choose and cook their own 
meals compared to the complete prepared protein rich meal service in the intervention. This 
suggests that the intervention is easy to sustain, which is critical to promote compliance 26. 
Overall, a home-delivered protein-rich meal service provides an effective and satisfied 
nutritional intervention for the preoperative patients to achieve adequate nutritional intake 
and to prepare patients before hospitalization.
In chapter 7, we aimed to further explore the improved protein intake relative to requirement 
which was described in chapter 6. To this end we assessed whether this high frequency 
protein-rich meal service in the home setting contributes to an even daily protein distribution, 
since this is regarded to promote muscle protein synthesis. We found that protein intake was 
significantly higher in the intervention group at the in-between meals in the morning and 
afternoon but similar for the main meals. Protein intake was the highest at the main meals 
in both control and intervention group after the three-week intervention period but the 
minimal threshold of 20 grams protein per meal was only achieved at dinner. This indicates 
that there is still room for improvement by aiming to achieve the threshold of 20 grams with 
at least two meals per day since this seems to be extremely beneficial for groups at high-risk 
of developing malnutrition in order to prevent loss of muscle mass 27, 28. This is in line with our 
finding that achieving the threshold of 20 grams for at least two meal occasions is associated 
with a higher muscle function according to handgrip strength. Since drinks for the main 
meals and breakfast were not included in our intervention, extending the service with more 
protein-rich options, such as dairy or protein supplementation might improve the protein 
distribution. On the other hand, protein intake plays an important role in satiety which 
indicates that offering more protein does not automatically result in higher protein intake 26, 29. 
In addition, loss of appetite is highly prevalent in malnourished patients which complicates 
the ability to consume large meals at once which underpins the importance to consume 
small, frequent meals throughout the day 7, 26. Our findings imply that offering smaller protein 
rich meals during the day does not only promote an even daily protein distribution but also 
results in a higher overall daily protein intake and prevents compensation by consuming less 
proteins at the main meals. Our results show that a high frequency protein-rich meal service 
is an effective strategy to promote an even daily protein distribution and further optimization 
is needed to achieve the threshold of 20 grams for at least two meals a day.
STRENGTHS AND LIMITATIONS
The major strength of the work in this thesis is that we developed an intervention that is 
appreciated by patients, and which comprises regular food products/meals combined with 
nutritional advice and which improves protein and energy intake relative to requirements 
(chapter 6). Also, patients were not restricted to the meal service only, but were allowed to 
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consume their own food products as well, which made it relatively easy to implement and 
sustain their diet. With this approach we remained close to real-life practice and provided 
a feasible intervention that dietitians could use with their nutritional treatment plan. Our 
results emphasize the importance of increasing protein intake of hospitalized patients as well 
as outpatients since an increase in protein intake relative to requirements at the first day of 
full oral intake is associated with a decrease in complications and a shorter length of stay in 
hospitalized patients (chapter 3). 
A limitation of the work in this thesis is that patients participating in our studies were 
included regardless of their risk for malnutrition, and in fact the majority was not at risk at 
all. Improvement of clinical outcomes after preoperative enteral or parenteral nutrition have 
mostly been described in studies performed in malnourished patients 30, 31. However, even 
patients without a risk for malnutrition have an increased protein need because of their 
disease. In chapter 6, we found that only a small group of our surgical patients (7%) with a 
low risk of malnutrition met their protein requirements before the start of the intervention 
compared to a higher percentage of patients with a moderate to severe risk of malnutrition 
who met their protein requirements (41%). Moreover, the number of patients with a low 
risk meeting their protein requirements after the intervention (7% in the control group and 
27% in the intervention group) was lower than in patients with a moderate to severe risk 
(38% in the control group and 75% in the intervention group). Similar results were found in 
hospitalized patients at day 1 and day 4 of full oral intake and this finding indicates that also 
in non-malnourished patients there is still room for improvement in order to meet protein 
requirements 7. Taken together, it is suggested that all patients should be offered adequate 
nutrition in order to prevent malnutrition and to optimally prepare for their operation and 
that a protein-rich meal service could play a key role here. 
FUTURE PERSPECTIVES
The studies in this thesis provide answers that help to optimize nutritional care in both the 
hospital as well as in the outpatient setting. However, as always, our studies also raise questions 
that need to be addressed in future research. For example, the need for a gold standard for the 
diagnosis of malnutrition remains, which also means that the GLIM criteria should be carefully 
assessed for their feasibility and should be validated in various populations and settings 
(chapter 2). In the rapidly evolving field of clinical nutrition, a globally accepted definition of 
malnutrition is crucial in order to compare studies and evaluate treatment strategies. 
Our results show that meal services, in-hospital as well as out-of-hospital, can play an 
essential role in the pursuit of meeting (near) 100% of protein requirements in order to 
treat and prevent malnutrition, provided that all patients can have access to these services. 
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Also, we showed that increasing protein intake is associated with a decreased complication 
risk and shorter length of stay. Therefore, we recommend that hospitals should focus on 
the provision of adequate protein intake for all patients and on strategies to improve intake 
through optimization of their meal services. Hospitals should support the shift to out-of-
hospital care and prioritize an optimal nutritional intervention prior to surgery as an integral 
part of healthcare for all patients. Besides focusing on surgical patients, there are other 
populations that might benefit from an out-of-hospital nutritional intervention. Recent 
literature describes the beneficial effects of nutritional interventions consisting of dietetic 
advice and/or ONS in older patients and oncological patients after discharge on nutritional 
status, mortality and readmission rates 32, 33. An ongoing trial in older discharged patients is 
assessing the effect of individualized nutritional advice from a dietitian combined with a food 
package containing protein-rich meals and drinks for the first day after discharge 34. Also, we 
are eagerly awaiting the results of our RCT on a home-delivered meal service in oncological 
patients receiving chemotherapy (NCT03382171). Future studies should take into account 
the considerations as described in our systematic review (chapter 4) and feasibility study 
(chapter 5). 
We did not find a clear effect of our nutritional intervention on physical and clinical outcomes in 
our pre-operative study, which is in line with other studies on home delivered meal services 10. 
Evidence from other interventions combining nutrition and physical exercise is also promising, 
though inconsistent 24, 25. Thus, there is still a gap in our knowledge concerning the optimal 
pre-operative approach to improve physical and clinical outcomes of surgical patients 
(chapter 6). It will be interesting to combine a home-delivered meal service with a physical 
(and psychological) intervention as part of a multimodal approach in a randomized clinical 
trial. Accordingly, daily protein distribution and type of protein are also important to further 
investigate in the context of an optimal nutritional approach. (chapter 7). For example, by 
extending the home-delivered meal service with more protein-rich options, such as dairy 
(leucine rich products) or casein protein prior to sleep since this seems to stimulate muscle 
protein synthesis overnight 35, 36. 
GENERAL CONCLUSIONS
First, this thesis focuses on the evaluation of current criteria to diagnose malnutrition and 
their relevance and feasibility in clinical practice and the association of protein intake and 
clinical outcomes. We found that the GLIM criteria showed predictive power with regard to 
one-year survival in hospitalized patients in comparison to PG-SGA. However, the assessment 
of muscle mass is not always feasible in the clinical and research settings. Overall, the GLIM 
criteria seem to be a promising diagnostic tool to identify malnourished patients. Finally, 
we showed that protein intake (increase of 10%) is associated with a decreased risk of 
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complications and shorter length of stay in hospitalized patients. 
The studies in the second part of this thesis hint that it is feasible to implement a home-
delivered protein-rich meal service. Several relevant issues were identified as well as barriers 
that should be kept in mind when performing a RCT focused on such an intervention. The 
number of meals provided per day, the duration of the intervention, close contact with 
recruiting personnel and a close eye on recruitment goals all contribute to a successful 
implementation. We showed that a home-delivered protein-rich meal service can increase 
the protein and energy intake relative to requirements of patients awaiting surgery while 
maintaining patient satisfaction. Moreover, such a service is an effective strategy to 
promote an even distribution of protein across meals throughout the day and proves that 
the preoperative period serves as a window of opportunity to prepare patients before 
hospitalization. Whether this service can also play a role in improving physical and clinical 
outcomes requires further investigation. 
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Table 2. Aims and main findings of this thesis
Chapter Aims Main findings
PART I IN-HOSPITAL MALNUTRITION
2 Primary: to describe the relevance of the 
GLIM criteria compared to PG-SGA to diagnose 
malnutrition in relation to one-year survival in 
hospitalized patients. 
Secondary: to demonstrate the feasibility of the 
GLIM criteria in clinical care and research settings.
 – One-year survival of malnourished patients was 
more than two times lower than non-malnourished 
patients according to the GLIM criteria. 
 – No significant association was found between 
malnutrition according to PG-SGA and one-year 
survival.
 – Agreement between the GLIM criteria and PG-SGA 
was low when diagnosing malnutrition
 – Data on FFMI was present in only 18% of patients 
due to practical problems with the assessment of 
BIA.
3 Examine whether protein intake relative to 
requirements at the first day of full oral intake 
is associated with complications (primary) and 
hospital length of stay (secondary) in medical and 
surgical patients.
 – Complications and length of hospital stay are 
associated with an increase in protein intake 
relative to requirements at the first day of full oral 
intake. 
 – An increase of 10% in protein intake relative to 
requirements reduced the risk for complications 
and length of stay with 10% and 0.23 days 
respectively.
PART II HOME-DELIVERED MEAL SERVICES
4 Describe which elements of home delivered 
meal services are effective to improve energy 
and protein intake (primary), nutritional status, 
functional outcomes and satisfaction (secondary) 
in adults.
 – The number of meals provided per day seems 
to play an important role in improving energy 
and protein intake when the time frame of an 
intervention is short.
 – Well-designed RCTs using standardized methods 
are lacking to confirm that such services can also 
improve nutritional status and functional outcomes.
5 Assess the feasibility of conducting a Randomized 
Controlled Trial on a home delivered meal 
service in advanced cancer patients undergoing 
chemotherapy, as compared to usual care.
 – It is feasible to conduct a RCT on a home delivered 
meal service in advanced cancer patients during 
chemotherapy.
 – Include more recruiting centers and expand in- and 
exclusion criteria to improve recruitment.
 – Maintain close contact with the recruiting 
personnel about the planning of patients to prevent 
missing values.
 – Combine study appointments with existing hospital 
appointments to prevent extra hospital visits.
6 Primary: improve protein intake by a 
preoperative home-delivered protein-rich meal 
service in surgical patients.
Secondary: examine the effect of a preoperative 
home-delivered protein-rich meal service 
on energy intake, nutritional status, physical 
functioning, quality of life, length of stay, 
complications and patient satisfaction.
 – The protein-rich meal service improved protein 
intake relative to requirements by 16% within 3 
weeks prior to surgery compared to usual care in 
surgical patients. 
 – Energy intake (19%) relative to requirements was 
improved by 19% as compared to usual care. 
 – Patient satisfaction was maintained.
 – No effects of the intervention were detected on 
nutritional status, hand grip strength, SPPB, quality 
of life, complications and length of stay.
7 Primary: assess whether a high frequency meal 
service consisting of protein-rich dishes in the 
home setting for three weeks contributes to a 
more even protein distribution over the day in 
pre-operative patients.
Secondary: assess the difference in muscle 
function between patients who achieved the 
minimal threshold of 20 gram proteins for at least 
two meals a day with patients who reached this 
threshold one meal a day or less.
 – The high frequency protein-rich meal service 
significantly improved protein intake at the in-
between meals in the morning and afternoon 
compared to usual care.
 – Participants who achieved the minimal threshold of 
20 grams for at least two meals had a significantly 
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Early recognition of (the risk for) malnutrition is essential in order to timely initiate nutritional 
interventions in light of the current high prevalence of malnutrition in patients at hospital 
admission. Protein requirements are increased during illness due to altered metabolism, 
including inflammation and increased catabolism. Achieving adequate protein intake is 
crucial for all hospitalized patients and dietary counseling and use of specific nutritional 
preparations can serve this goal. During hospitalization, meal services that impact on to the 
total hospital population can also play an important role in the prevention and treatment of 
malnutrition. A prerequisite is that such a concept should improve the nutritional intake of a 
major part of the hospital population.
The ever ongoing decrease in hospital length of stay, as well as the frequent and unforeseen 
number of hospital readmissions, indicate the shift over the past decades from in-hospital 
to out-of-hospital care and underpin the importance of extending nutritional interventions 
to both the hospital and home setting. Moreover, the preparation for therapeutic strategies, 
be it surgery, chemotherapy or other, and the recovery of hospitalization increasingly takes 
place at home. However, the effect of nutritional interventions at home on clinical outcomes 
and its extension to the out of hospital setting remains largely unknown.
The present thesis focuses on nutritional support and optimization of peri-hospital patient 
care. The first part describes the process of diagnosing malnutrition and explores the 
association of adequate protein intake with clinical outcomes in the in-hospital setting. The 
second part highlights the potential effects of home-delivered meal services as a strategy to 
achieve adequate dietary intake in the out-of-hospital setting.
Chapter 2 describes the validity and feasibility of the Global Leadership Initiative on 
Malnutrition (GLIM) criteria for the diagnosis of malnutrition in hospitalized patients 
compared to a frequently used method, the Patient-Generated Subjective Global Assessment 
(PG-SGA). Agreement between GLIM criteria and PG-SGA was low in sensitivity for 
diagnosing malnutrition, indicating that the two methods do not identify the same patients. 
In comparison to PG-SGA, the GLIM criteria did show predictive power for one-year mortality 
in hospitalized patients. Based on the GLIM criteria, malnourished patients had a more 
than two times increased one-year mortality compared to non-malnourished subjects. No 
significant association was found between malnutrition according to PG-SGA and one-year 
mortality. Of note, when using the GLIM criteria is that the assessment of muscle mass in the 
clinical research setting is not always feasible.
In Chapter 3, we found that an increase of 10% in protein intake relative to requirements 
at the first day of full oral intake in medical and surgical patients is associated with a 10% 
reduction in complications and 0.23 days in length of hospital stay. In previous research we 
showed that a meal service with attention for the use of protein-enriched items significantly 
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improves protein intake relative to requirements. Our analysis shows that a hospital 
meal service comprising products high in proteins indeed contributes to meeting protein 
requirements within the first days of admission and is associated with a reduction of both 
complications and length of stay.
In a systematic review (Chapter 4), the available literature on home-delivered meal services 
was assessed. We conclude that various elements of home-delivered meal services can 
improve outcomes such as energy and protein intake and satisfaction. Also, improvements 
were reported in nutritional status and functional outcomes after offering of such meals, 
but standardized methods and more well-designed RCTs are required at this point to bolster 
these findings. Services should focus on optimizing taste, portion size, convenience, variety, 
and delivery to improve the satisfaction level of participants. Following the rising interest and 
importance of home-delivered meal services, there is an urgent need to further optimize 
such services to improve nutritional care at home regarding the increasingly limited time 
frame of hospital admissions and the shift to out-ot-hospital care.
Following this trend, we assessed the feasibility of a randomized controlled trial on a home 
delivered meal service in advanced cancer patients undergoing chemotherapy, as compared 
to usual care, in Chapter 5. This pilot shows that it is feasible to conduct such a study, although 
several issues, such as delayed recruitment and drop-out rates influenced by the intensive 
cancer treatment, should be kept in mind. Possible strategies to improve recruitment are to 
include additional recruiting centers and to expand in- and exclusion criteria. Close contact 
with recruiting personnel is also essential to maintain or improve motivation for recruitment. 
To increase compliance, it is important to pay extra attention to instructing participants on 
how to fill in questionnaires and diaries and to emphasize the opportunities it brings in the 
communication with their practitioners.
In Chapter 6, we show that a home-delivered protein-rich meal service can be successfully 
implemented before surgery and improves protein and energy intake relative to requirements 
within 3 week, regardless of the risk of malnutrition, while at the same time patient 
satisfaction was maintained. We did not detect effects of this intervention on functional and 
clinical outcomes, such as hand grip strength and postoperative complications. This setting 
opens a new area of research, and although results are promising, obviously additional 
research is required to draw solid conclusions on the impact of such approaches in specific 
groups at risk of malnutrition.
In Chapter 7, we explored in more detail the improved protein intake relative to requirements 
which was described in Chapter 6. We found that protein intake was significantly increased 
in the intervention group at the in-between meals in the morning and afternoon, but similar 
for the main meals when compared to the control group. The minimal threshold of 20 grams 
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protein per meal, considered necessary for an increase in muscle growth, was only achieved 
at dinner. Passing the threshold of 20 grams for at least two meal occasions was associated 
with better peripheral muscle function. 
A general discussion and suggestions for future research can be found in Chapter 8.
In summary, this thesis shows that the GLIM criteria seem to be a promising diagnostic tool 
to identify malnourished patients and that these have a predictive power with regard to 
one-year mortality. The importance of increasing protein intake relative to requirements 
is emphasized by our finding that an adequate protein intake relative to requirements is 
associated with a decreased risk for complications and shorter length of stay in hospitalized 
patients. A hospital meal service comprising protein-rich items can serve this goal during 
admission. Such a home-delivered meal service also proved to be effective in increasing 
nutritional/protein intake pre-surgery, while maintaining patient satisfaction, proving that 
the preoperative period is a window of opportunity in this regard. Whether such a service 
can also improve physical and clinical outcomes and whether this also applies to other groups 






De hoge prevalentie bij en tijdens ziekenhuisopname maakt dat het vroegtijdig herkennen 
van ondervoeding essentieel is om voedingsinterventies tijdig in te kunnen zetten. De 
eiwitbehoefte neemt tijdens ziekte over het algemeen toe als gevolg van een veranderde 
stofwisseling als gevolg van ontstekingsprocessen en een toegenomen katabolisme. Het 
nuttigen van voldoende eiwitten is dan ook van cruciaal belang voor alle ziekenhuispatiënten, 
waarbij dieetbegeleiding en dieetpreparaten ingezet kunnen worden om dit te bewerkstelligen. 
Tijdens ziekenhuisopname kunnen maaltijdconcepten een belangrijke rol spelen bij de 
preventie en behandeling van ondervoeding, aangezien het bereik hiervan zich uitstrekt 
tot de totale ziekenhuispopulatie. Hierbij is een voorwaarde dat een dergelijk concept de 
voedingsinname van een groot deel van de ziekenhuispopulatie ook daadwerkelijk verbetert. 
De afgelopen decennia wijzen een verder afgenomen opnameduur, maar ook de frequentere 
onvoorziene heropnames in het ziekenhuis op een verschuiving van de intramurale 
naar extramurale zorg. Dit gegeven onderstreept het belang van de uitbreiding van de 
voedingszorg in lijn hiermee. Bovendien vindt de voorbereiding op behandelingen zoals 
chirurgie, chemotherapie of anderszins, en het herstel na ziekenhuisopname voornamelijk 
thuis plaats, hetgeen het belang van voedingszorg in de thuissituatie benadrukt. Het effect 
van maaltijdconcepten op klinische uitkomsten is echter tot op heden niet bekend en 
hetzelfde geldt voor de uitbreiding naar de extramurale situatie.
Dit proefschrift richt zich daarom op de voedingsondersteuning en optimalisatie hiervan 
bij patiënten rondom ziekenhuisopname. Het eerste deel beschrijft de diagnosestelling van 
ondervoeding en de associatie van eiwitinname met klinische uitkomsten in het ziekenhuis. 
Het tweede deel belicht de effecten van thuisbezorgde maaltijden als een strategie om via een 
optimale voedingsinname ondervoeding buiten het ziekenhuis te voorkomen en behandelen.
Hoofdstuk 2 beschrijft de validiteit en bruikbaarheid van de Global Leadership Initiative 
on Malnutrition (GLIM) criteria voor de diagnosestelling van ondervoeding bij opgenomen 
patiënten vergeleken met een andere veelgebruikte methode: de Patient-Generated 
Subjective Global Assessment (PG-SGA). De overeenkomst tussen de GLIM criteria en de PG-
SGA was laag voor wat betreft de gevoeligheid voor het diagnosticeren van ondervoeding, 
wat erop lijkt te duiden dat de twee methoden niet dezelfde patiënten identificeren. In 
vergelijking met de PG-SGA had de GLIM wel een voorspellende waarde voor de eenjaars 
mortaliteit van ziekenhuispatiënten. Op basis van de GLIM criteria hadden ondervoede 
patiënten een meer dan twee keer hogere mortaliteit na één jaar vergeleken met niet-
ondervoede patiënten. Er werd geen significante associatie gevonden tussen de PG-SGA en 
eenjaars mortaliteit. Een belangrijke kanttekening bij het gebruik van de GLIM criteria is dat 
het bepalen van de spiermassa in de klinische setting niet altijd haalbaar blijkt.
In hoofdstuk 3 vonden we bij chirurgische en niet-chirurgische patiënten dat een toename 
van 10% eiwitinname in relatie tot de eiwitbehoefte op de eerste dag van volledige orale 
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inname tijdens ziekenhuisopname geassocieerd is met een vermindering van 10% aan 
complicaties en een afname van de opnameduur van een kwart dag. In eerder onderzoek 
hebben we al laten zien dat een eiwit-verrijkt maaltijdconcept leidt tot een significante 
toename van de eiwitinname ten opzicht van de behoefte. Het huidige onderzoek toont aan 
dat een eiwit-verrijkt maaltijdconcept in het ziekenhuis kan bijdragen aan het behalen van 
de eiwitbehoefte binnen de eerste dagen van opname en tevens leidt tot een vermindering 
van complicaties en opnameduur. 
In een systematisch literatuuroverzicht (hoofdstuk 4) is de beschikbare literatuur over 
maaltijdservices aan huis geïnventariseerd. We vonden dat verschillende elementen hierbij 
uitkomstmaten zoals energie- en eiwitinname, maar ook patiënttevredenheid kunnen 
verbeteren. Er werden ook verbeteringen beschreven in voedingstoestand en functionele 
uitkomsten na het aanbieden van maaltijden, maar er zijn beter gestandaardiseerde 
methoden en meer goed opgezette gerandomiseerde studies nodig om deze resultaten 
statistisch beter onderbouwd te bevestigen. Om de tevredenheid te verbeteren zouden 
de maaltijdservices zich moeten richten op het optimaliseren van de smaak, portiegrootte, 
gemak, variatie en bezorging. Gezien de toenemende belangstelling voor én het belang van 
deze maaltijdinterventies aan huis, is er een dringende behoefte om dergelijke interventies 
verder te optimaliseren gezien de afnemende opnameduur in ziekenhuizen en de verschuiving 
naar extramurale zorg.
In navolging van dit systematische literatuuronderzoek hebben we in hoofdstuk 5 de 
haalbaarheid voor het uitvoeren van een gerandomiseerde gecontroleerde studie beoordeeld 
waarbij een service met eiwitrijke thuisbezorgde maaltijden aan patiënten met vergevorderde 
kanker die chemotherapie kregen werd aangeboden en werd vergeleken met de gebruikelijke 
zorg. Deze pilotstudie toonde aan dat het inderdaad mogelijk is om een dergelijke studie uit 
te voeren, hoewel er rekening moet worden gehouden met aspecten zoals een vertraagde 
werving van deelnemers en ook uitval als gevolg van de intensieve kankerbehandeling. 
Strategieën om de werving te verbeteren zijn om meer deelnemende centra toe te voegen 
en om de in- en exclusiecriteria te verbreden. Daarnaast is het belangrijk om in contact 
te blijven met degenen die verantwoordelijk zijn voor de werving van patiënten, om de 
motivatie voor werving te behouden of te optimaliseren. Om de therapietrouw te vergroten 
is het belangrijk om deelnemers te instrueren hoe ze vragenlijsten moeten invullen en om te 
benadrukken hoe ze deze kunnen gebruiken in de communicatie met hun arts.
In hoofdstuk 6 hebben we laten zien dat een voedingsconcept bestaande uit thuisbezorgde 
eiwitrijke maaltijden met succes kan worden geïmplementeerd bij preoperatieve 
patiënten en dat hiermee de eiwit- en energie-inname ten opzichte van de eiwit- en 
energiebehoefte binnen 3 weken verbetert, ongeacht het risico op ondervoeding, terwijl de 
patiënttevredenheid gelijk blijft. We vonden geen effecten van de interventie op functionele 
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en klinische uitkomstmaten, zoals handknijpkracht en postoperatieve complicaties. Dit 
betreft een nieuw onderzoeksgebied en deze resultaten zijn veelbelovend, er is echter meer 
onderzoek nodig om goed onderbouwd conclusies te kunnen trekken over de impact van 
een dergelijke interventie binnen specifieke doelgroepen met een risico op ondervoeding.
In hoofdstuk 7 hebben we de verbeterde eiwitinname ten opzichte van de eiwitbehoefte 
die werd beschreven in hoofdstuk 6 meer in detail onderzocht. We ontdekten dat in de 
interventiegroep de eiwitinname significant hoger was voor de tussendoortjes in de ochtend 
en de middag ten opzichte van de controlegroep, maar dat deze vergelijkbaar was bij de 
hoofdmaaltijden. De minimale drempel van 20 gram eiwit per maaltijd, die noodzakelijk wordt 
geacht voor een toename van de spieropbouw, werd alleen bereikt tijdens de avondmaaltijd. 
Het behalen van deze drempel bij ten minste twee maaltijdmomenten was geassocieerd met 
een betere perifere spierfunctie.
Een algemene discussie en suggesties voor toekomstig onderzoek zijn te vinden in hoofdstuk 8.
Samenvattend laat dit proefschrift zien dat de GLIM criteria een veelbelovende diagnostische 
hulp lijken te zijn om ondervoede patiënten te identificeren en dat deze een voorspellende 
waarde hebben op de eenjaars mortaliteit. Het belang van het verhogen van de eiwitinname 
ten opzichte van de behoefte tijdens opname werd benadrukt door onze bevinding dat deze 
geassocieerd is met een verminderd risico op complicaties en een kortere opnameduur 
bij ziekenhuispatiënten. Om deze toename te bereiken kan een eiwitrijke maaltijdservice 
tijdens ziekenhuisopname worden ingezet. Een maaltijdservice bestaande uit thuisbezorgde 
eiwitrijke gerechten is een effectieve strategie om de voeding/eiwit inname bij chirurgische 
patiënten vooraf aan opname te verhogen terwijl de tevredenheid gelijkt blijft. Dit laat 
zien dat de preoperatieve periode mogelijkheden biedt om patiënten vooraf een goede 
voedingsondersteuning te bieden als voorbereiding op een operatie. Of deze service ook een 
rol kan spelen bij het verbeteren van fysieke en klinische resultaten en of dit ook geldt voor 
andere doelgroepen met bijvoorbeeld een hoog risico op ondervoeding moet onderwerp 






Het is zover, mijn proefschrift is klaar! Met dit dankwoord komt er een einde aan een mooie 
en leerzame periode in Nijmegen. Er zijn heel veel mensen die in wat voor vorm dan ook een 
bijdrage hebben geleverd en die wil ik hieronder graag bedanken.
Allereerst wil ik de belangrijkste personen bedanken zonder wie dit proefschrift niet mogelijk 
was geweest: alle deelnemers aan de FoodB4Surgery en COMPLEAT studie. Dank voor uw 
deelname en inzet. Ik heb ontzettend genoten van de gesprekken en bezoekjes bij u thuis of 
in het ziekenhuis.
Dr. M.G.A. van den Berg, beste Manon, bedankt voor de intensieve en prettige samenwerking 
de afgelopen jaren. Ik kon altijd even bij je binnenlopen voor vragen en je bood ondersteuning 
waar nodig. Ik denk niet dat er veel co-promotoren zijn die de complete coördinatie van 
studies overnemen tijdens de vakantie van hun promovendi. Hierdoor kreeg ik het gevoel dat 
we het samen deden en dat heb ik erg gewaardeerd. Naast de inhoud was er ook ruimte voor 
mijn privéleven en had je oog voor hoe met mij ging zoals tijdens de periode dat mijn moeder 
ziek was. Dank daarvoor. Ik heb bewondering voor hoe je al jouw verschillende taken uitvoert 
met evenveel inzet. Mede dankzij jou is het voedingsonderzoek binnen de afdeling nu niet 
meer weg te denken, krijgt voeding steeds meer een vaste plek binnen het Geneeskunde 
curriculum en zelfs bij het voedingsaanbod van het restaurant ben je betrokken. Ik ben 
benieuwd wat voor mooie studies er nog opgezet gaan worden in de toekomst. Ik zal het, al 
is het nu van een afstand, blijven volgen. 
Dr. G.J.A. Wanten, beste Geert, alhoewel Manon vooral betrokken was bij de dagelijkse 
begeleiding, maakte jij altijd even tijd om te overleggen en mee te denken. Dank voor alle 
tijd die je hebt gestoken in het lezen van mijn artikelen en het corrigeren van rare zinnen en 
spellingsfouten. Dit heeft onze artikelen zoveel beter gemaakt! Het werd mij al snel duidelijk 
dat jij dé expert bent op het gebied van darmfalen. Dat merkte ik bijvoorbeeld in 2017 toen 
ik tijdens het ESPEN congres in Den Haag door verschillende mensen gefeliciteerd werd met 
het feit dat jij een van mijn co-promotoren was. Het was erg leerzaam om van jouw ervaring 
en expertise gebruik te mogen maken.
Prof. Dr. J.P.H. Drenth, beste Joost, bedankt dat je mij de kans hebt gegeven om dit 
promotietraject in te gaan. In het begin was je vooral op papier mijn promotor maar toen 
mijn studies eenmaal startten en mijn proefschrift steeds meer vorm begon te krijgen kregen 
we meer contact. Dank voor de hulp en dat je deur altijd openstaat. Ik heb veel gehad aan 
je feedback op mijn artikelen en je tips bij het opzetten en uitvoeren van mijn studies. Het 
is bewonderenswaardig hoe je alle taken op het gebied van onderzoek, patiëntenzorg en de 
afdeling MDL combineert. 
Ik wil de manuscriptcommissie Hester Vermeulen, Philip van der Wees en Peter Weijs en de 
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coronaleden bedanken voor het lezen van mijn thesis en de aanwezigheid bij mijn verdediging.
Beste Marjo, ik wil jou ook graag bedanken voor je betrokkenheid bij mijn promotietraject. 
Ook al was je niet inhoudelijk betrokken, op de achtergrond was je aanwezig en bleef je op 
de hoogte van hoe het ging. Ik wist dat je deur altijd openstond en dat was fijn.
Beste arts-onderzoekers, als een vreemde eend in de bijt begon ik bij de afdeling MDL maar 
daar merkte ik al snel niks meer van. Ik weet niet of ik er in de toekomst nog wat aan heb 
maar ik heb ontzettend veel geleerd over IBD, Barrett oesophagus en PLD. Bedankt voor jullie 
kritische oog en objectieve bijdrage bij mijn studies. Sonja, Chantal en Cynthia, bedankt 
voor jullie expertise op het gebied van onderzoek en hulp bij het opzetten en uitvoeren 
van klinische studies. Wietske, Reinier en Femke, dank voor jullie hulp en advies bij de 
methodologie en statistiek tijdens mijn traject.
Anja, bedankt voor al je hulp bij de COMPLEAT studie. Je hebt ons enorm op weg geholpen bij 
het schrijven van het protocol en het opzetten van de studie binnen de Medische Oncologie. 
Ook jouw bijdrage bij de inclusie en het artikel zijn heel waardevol geweest. Manon, Wilmy 
en Olga, bedankt voor jullie hulp en enthousiasme bij de inclusie van de COMPLEAT studie. 
Yvonne, Dianne, Marlous, Ria, Regy en Mariska, bedankt voor jullie hulp bij het uitvoeren 
van de COMPLEAT studie in het Maasziekenhuis Pantein. Harald en Rutger, bedankt dat jullie 
het zagen zitten om de COMPLEAT studie in Rijnstate uit te voeren en voor alle hulp bij de 
goedkeuring en inclusie. Lindsey, bedankt voor jouw bijdrage aan de FoodB4Surgery studie 
in het Maasziekenhuis. Je hebt iedereen flink achter de broek aan gezeten om patiënten te 
werven, dank daarvoor! Monse, Pam, Jojanneke, Samantha en Ilse, ik vond het erg leuk 
om jullie te begeleiden bij jullie stage. Bedankt voor jullie inzet tijdens alle voorbereidingen, 
metingen en invoerwerk.
Medewerkers van FoodforCare en in het bijzonder Siebe, Roos en Ties, bedankt voor de 
prettige samenwerking en al jullie hulp bij het opzetten en uitvoeren van de FoodforCare@
home studies. Het was leerzaam om als onderzoeker ook iets mee te krijgen van alle logistieke 
en zakelijke processen waar jullie mee bezig zijn. Bewonderenswaardig wat jullie neerzetten 
in het Radboudumc en nu ook in andere ziekenhuizen. Ik hoop dat jullie andersom het ook 
leuk hebben gevonden om iets van wetenschappelijk onderzoek mee te krijgen.
Collega’s van het Wetenschapsbureau in Rijnstate, bedankt voor jullie gastvrijheid en warme 
welkom toen ik alweer 2 jaar geleden begon als coördinator monitoring. Ik heb het erg naar mijn 
zin en dat komt mede door jullie. Bedankt voor jullie interesse in hoe het met mijn proefschrift 
ging en jullie betrokkenheid tijdens mijn zwangerschap en na de geboorte van Julia.
Lieve dispuutsgenoten, FS’jes, ik geniet altijd intens als we samen zijn. We hebben al zoveel 
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mooie avonden, nachten en weekenden meegemaakt en ik weet zeker dat er nog heel veel 
gaan komen. Lieve Teunise, Mirjam en Nanette, ondertussen zijn we al 12 jaar vriendinnen 
en voor mij is onze vriendschap onmisbaar. Bedankt voor jullie steun, liefde en gezelligheid. 
Als het mocht had ik jullie alle drie als paranimf gevraagd maar met Teun en Nanette achter 
me moet het ook lukken. En Mirjam, jij vervult een andere belangrijke rol aangezien jij mijn 
niet-creatieve kant altijd aanvult. Bedankt voor het ontwerpen van de kaft en het maken van 
de foto’s. Hier mogen dan de Schlagerfreunde, waarom heten we eigenlijk zo?!, natuurlijk 
ook niet ontbreken. Tijdens mijn promotietraject ging ik voor het eerst op wintersport en met 
wie kon dat beter dan met jullie. We hebben elkaar noodgedwongen weinig gezien afgelopen 
tijd maar dat halen we zeker in!
Hannah, Jan Oene, Reinier en Jacqueline, ik beschouw jullie ondertussen ook als broers 
en zussen. Het was een bijzonder jaar voor ons allemaal; 3 prachtige nichtjes die in een 
hele fijne familie zijn geboren. Ik kijk uit naar alle bbq’s, familieweekenden en kerstdiners 
die komen gaan. Joke en Roel, ik ben heel blij met jullie als schoonouders. Bedankt dat 
jullie mij opgenomen hebben in jullie gezin en dat ik me altijd welkom voel. Dat wordt erg 
gewaardeerd. Dank voor jullie interesse in mijn proefschrift ook al hadden jullie misschien 
geen idee waar het over ging.
Koen, ik ben heel blij dat jij mijn grote broer bent. We hebben een ongedwongen en leuke 
jeugd gehad samen. Met jouw positiviteit en nuchterheid had ik een goed voorbeeld om te 
kunnen volgen. Ik ben dankbaar dat we nog steeds zo goed contact hebben en elkaar, met 
uitzondering van de lockdown, vaak zien. Lieve Laura, bedankt dat je zo goed voor mijn grote 
broer en kleine neefje zorgt. Het is altijd gezellig als we bij elkaar zijn en ik hoop dat Lukas 
en Julia nog veel avonturen samen zullen beleven. Lieve papa en mama, jullie zijn misschien 
wel de belangrijkste reden dat ik dit traject heb aangedurfd en dat ik hier nu sta. Bedankt dat 
jullie mij altijd stimuleren en aanmoedigen dat ik alles kan doen wat ik wil. Dat begon al op 
de basisschool toen jullie er voor zorgden dat ik naar het VWO mocht omdat jullie geloofden 
dat ik dat kon en kijk waar ik nu ben. Bedankt voor alles wat jullie voor mij en voor Martijn 
en Julia doen. Ik hou van jullie.
Lieve Tijn, dit dankwoord is veel te kort om uit te leggen wat jij voor mij betekent. Gelukkig 
hoeven wij elkaar niet veel te vertellen en hebben we aan een paar woorden genoeg. Je bent 
de beste echtgenoot voor mij en vader voor Julia die ik me kan wensen. Ik hou van jou.
De laatste woorden zijn voor Julia, ook al ben je nu nog te klein om hier iets van te snappen. 
De afgelopen maanden ben jij de belangrijkste persoon in mijn leven geworden. Je bent een 
ontzettend vrolijke en chille baby. Het is een fijne bijkomstigheid dat je zo goed slaapt waardoor 
ik de laatste artikelen kon publiceren en dit proefschrift heb kunnen afronden. Ik hoop dat je 







Vera IJmker-Hemink werd geboren op 4 maart 1991 te Doetinchem in een gezin met 2 
kinderen. In 2009 behaalde zij haar Gymnasium diploma aan het Bonhoeffer College te 
Enschede. Aansluitend startte zij met de studie Voeding en Gezondheid aan de Wageningen 
Universiteit. Echter, na een jaar bleek dat deze studie niet voldeed aan de verwachtingen. Op 
zoek naar de aansluiting met de praktijk startte zij in 2010 met de studie Voeding en Diëtetiek 
aan de HAN te Nijmegen. Tijdens haar afstudeeronderzoek ontwikkelde ze een voorliefde 
voor de wetenschap waardoor ze besloot om in 2014 terug te keren naar de Wageningen 
Universiteit om Nutrition and Health te gaan studeren. Ze koos binnen deze opleiding de 
richting van Nutritional Physiology and Health Status waarbij onderzoek op het gebied 
van klinische voeding haar het meest interesseerde. Ze schreef haar masterscriptie over 
het effect van eiwitverrijkte producten op spierkracht en voedingstoestand bij ouderen na 
ziekenhuisopname. In plaats van een stage schreef ze een minorscriptie over de relatie tussen 
bijwerkingen van chemotherapie en voedingsinname bij Nederlandse borstkankerpatiënten. 
In oktober 2016 startte Vera met haar promotietraject onder leiding van Dr. Manon van den 
Berg, Dr. Geert Wanten en Prof. Dr. Joost Drenth. Dit proefschrift is het resultaat van haar 
promotieonderzoek. Vanaf 1 oktober 2019 is zij werkzaam als Coördinator Monitoring bij het 
Wetenschapsbureau in Rijnstate te Arnhem. Ze is getrouwd met haar grote liefde Martijn en 
samen met hun dochter Julia wonen ze in Wageningen.
English
Vera IJmker-Hemink was born March 4, 1991 in Doetinchem in a family with 2 children. In 
2009, she obtained her secondary school diploma at the Bonhoeffer College in Enschede. 
Hence, she started studying Nutrition and Health at the Wageningen University. However, 
after one year she decided that this study did not meet her expectations. In 2010, she started 
to study Nutrition and Dietetics at the Han in Nijmegen looking for a connection with clinical 
practice. During her thesis, she developed an effection for science which prompted her to 
return to the Wageningen University in 2014 for the master Nutrition and Health. Within this 
master she chose the direction of Nutritional Physiology and Health Status since research in 
the field of clinical nutrition was of most interest to her. She did her MSc thesis on the effect 
of protein-enriched products on muscle strength and nutritional status in the elderly after 
hospitalization. Instead of an internship, she wrote a minor thesis on the relation between 
side effects of chemotherapy and nutritional intake in Dutch breast cancer patients. In 
October 2016, Vera started her PhD under the supervision of Dr. Manon van den Berg, Dr. 
Geert Wanten and Prof. Dr. Joost Drenth. This thesis is the result of her PhD research. She is 
currently working as a Clinical Research Associate at the Rijnstate hospital in Arnhem. She is 
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This thesis is based on the results of human studies, which were conducted in accordance 
with the principles of the Declaration of Helsinki. The medical and ethical review board 
Committee on Research Involving Human Subjects Region Arnhem Nijmegen, Nijmegen, the 
Netherlands has given approval to conduct these studies. The datasets analyzed during these 
studies are available from the corresponding author on reasonable request. The patient data 
for the analyses of the studies as presented in Chapter 2, 3, 5, 6 and 7 are stored on the 
departments’ H-drive (H:\Dietetiek\FoodforCare). The paper data and written informed 
consent of patients included in our trials described in Chapter 2, 3, 5, 6 and 7 were archived 
by UTS Verkroost Nijmegen, Bijsterhuizen 11-31, Nijmegen, the Netherlands. All data will be 
saved for 15 years after termination of the studies. All patient data used in Chapter 2, 3, 5, 6 
and 7 were pseudo-anonymously entered into the computer by use of CastorEDC. Data were 
later converged from CastorEDC to SPSS (SPSS inc., Chicago, Illinois, USA). The privacy of the 
participants in these studies is warranted by use of encrypted and unique individual subject 
codes. The codes were stored separately from the study data. An audit trail was incorporated 









- Introduction day Radboudumc 
- Introductory course RIMLS
- BROK course
- Course: Management voor promovendi
- Pilot: Storytelling for PhD students
- Feedback course (2 sessions: beginner-advanced)
- Course: Scientific Integrity
- Course: Perfecting your academic writing skills




















- GI-HEP meetings with research experts
- Lecture ‘Optimal multidisciplinary treatment for patients with metastatic 
cancer’ (VUmc)
- New Frontiers Symposium publieksavond
- Seminar ‘Goede voeding in de zorg’
- Renal Disorder Lunch meeting (oral presentation)
- New Frontiers Symposium
















- Symposium Voeding, bewegen en kanker
- ESPEN congress Den Haag (poster)
- Symposium Voeding, bewegen en kanker
- Health, Food and Technology event
- ESPEN congress Madrid (poster)
- Symposium Voeding, bewegen en kanker
- RIMLS retreat (poster)


















- Weekly journal club
- Intervision sessions PhD students (4x/year)
- PhD retreat Gastroenterology and Hepatology










- Poster presentation ESPEN congress
- Capita Selecta lecture
- Poster presentation ESPEN congress










- Education students (retrospective research)
- Supervision student (systematic review)
- Supervision student (clinical trials)
- Capita Selecta supervision
- Supervision students minor Clinical Research
- Supervision student (clinical trials)
- Supervision student (clinical trials)
- Supervision student (clinical trials)

























In 2013 gaven jongeren met kanker (AYA’s) op de afdeling 
Medische Oncologie aan dat het ziekenhuiseten hen niet 
smaakte, vooral niet tijdens chemokuren. Een signaal dat de 
afdeling graag oppakte. Samen met diëtisten, het servicebedrijf, 
een cateraar en de jongeren zelf werden kleine gerechten ontwikkeld, die qua geur, kleur, 
smaak en voedingsbehoefte aansloten bij hun behoeften. Na 2 succesvolle pilots werd het 
voedingsconcept verder ontwikkeld en vanaf september 2015 is deze innovatieve co-creatie 
"FoodforCare" stapsgewijs in het gehele ziekenhuis geïmplementeerd. 
Met FoodforCare hebben patiënten een actieve rol in het kiezen van hun gerecht. Zes keer 
per dag gaan voedingsassistenten met verschillende gerechten op serveerbladen langs 
bij patiënten. De patiënt krijgt ter plekke uitleg over de gerechten en de samenstelling en 
besluit dan wat hij/ zij lekker vindt. Per patiëntgroep wordt rekening gehouden persoonlijke 
voorkeur, specifieke diëten (bijv. eiwitverrijkt, natriumbeperkt, allergieën, enz.), consistentie 
(vloeibaar, gemalen) en persoonlijke voorkeur (vegetarisch, halal, enz.). Het assortiment 
bestaat uit meer dan 250 dagverse gerechten: ontbijt, shakes, smoothies, lunch, soepen, 
warme maaltijden, salades, desserts en snacks. 
Inmiddels wordt FoodforCare ook in andere ziekenhuizen aangeboden.
In 2015 werd het eerste onderzoek naar FoodforCare uitgevoerd waarbij de traditionele 
maaltijdservice werd vergeleken met FoodforCare. De conclusie luidde dat implementatie 
van FoodforCare de eiwit- en energie-inname van ziekenhuispatiënten verbeterden net als 
enkele aspecten van patiënttevredenheid. De FoodforCare at Home studies zoals beschreven 
in dit proefschrift volgden daarna. Net als in het eerste onderzoek verbeterden de eiwit- en 
energie-inname en de patiënttevredenheid bleef gelijk. 
Enkele quotes van deelnemers aan de FoodforCare at Home studie:
“‘Eerst dacht ik: als ik misselijk ben eet ik niet meer maar op een gegeven moment 
kom je erachter als je vaker eet dat het dan beter gaat.”



























Protein-rich meal service to
support peri-hospital patient care
Vera IJmker - Hemink
